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ABSTRACT 
 
Mark Christopher Mans 
 
Total Synthesis and Revision of the Proposed Structure of Briarellin J 
 
(Under the direction of Michael T. Crimmins) 
 
 
 
 The total synthesis of the originally proposed structure of briarellin J is 
reported in twenty-three linear steps from commercially available starting 
materials. Key reactions in the synthesis include an exo-selective intramolecular 
Diels-Alder cycloaddition and a substrate-controlled stereoselective 
hydroboration. A revised structure of briarellin J is proposed based on evidence 
from the total synthesis, the proposed biosynthesis, and the original isolation 
data. The revised structure is proposed to be the C11 epimer of the originally 
proposed structure. Progress toward the synthesis of the revised structure is 
reported.  
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CHAPTER 1 
 
ISOLATION AND PREVIOUS SYNTHESIS OF THE BRIARELLINS  
 
A. C2,C11-Cyclized Cembranoids    The eunicellins, briarellins, asbestinins, and sarcodyctins are related 
subclasses of the C2,C11-cyclized cembranoid diterpenes, which are isolated as 
secondary metabolites of alcyonarians (octocorals).1 The first member of the 
C2,C11-cyclized cembranoid family was eunicellin, isolated by Djerassi and co-
workers in 1968 from the soft coral Eunicella stricta found off the coast of 
France.2 Since that original discovery, approximately 60 cladiellins, 18 briarellins, 
and 30 asbestinins have been discovered in corals inhabiting the Caribbean and 
Mediterranean seas and the Atlantic, Pacific, and Indian oceans. The natural role 
of these cembranoids is proposed, based upon fish and mollusk lethality assays, 
to involve predation deterrence.3 In addition, several of the members of these 
subclasses display incredible pharmacological potential.3,4 Notably, these 
diterpenes possess in vitro cytotoxicity against various cancer cell lines, anti-
inflammatory and antimicrobial properties, and histamine and acetylcholine 
antagonism. The briarellin diterpenes in particular exhibit activity against the 
malaria parasite Plasmodium falciparum.5 
 The cladiellins, briarellins, and asbestinins have in common a rare 
oxatricyclic ring system composed of a hexahydroisobenzofuran and 
oxacyclononane units. In addition, multiple stereogenic centers of these 
  2 
diterpenes are identical. Faulkner has advanced a biosynthetic proposal relating 
the C2,C11-cyclized diterpenes (Figure 1.1).6 The presence of all four subclasses 
in the same organism provides evidence to support the proposal wherein a 
cembrane skeleton serves as the precursor to each subclass. A cyclization event 
between C2 and C11 would provide the cladiellin framework, and an 
intramolecular etherification of the cladiellin tricycle affords the tetracyclic 
skeleton of the briarellin subclass. A 1,2-methyl shift from C11 to C12 in the  
 
Figure 1.1. Proposed Biosynthesis  
briarellins would then furnish the absestinin subclass.  The sarcodyctins are also 
proposed to arise from a C2,C11-cyclization of the cembrane skeleton. In the 
sarcodyctins however, the cyclization results in a fused cyclohexyl and 
oxocyclononane system in place of the hexahydroisobenzofuran core of the 
cladiellins, briarellins, and asbestinins. 
 These natural products have been the subjects of intense synthetic efforts 
over the past fifteen years.7 Global warming, pollution, and overfishing have led 
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to a decrease in ocean pH, increase in ocean temperature, disease from 
normally symbiotic bacteria, and competition with macroalgae, with the ultimate 
result being the accelerated decline of coral reef ecosystems.8 The possible loss 
of the natural source of these diterpenes with great potential for human medicine, 
combined with their challenging molecular structure, has attracted the attention of 
numerous research groups. In 1995 Overman and co-workers reported the first 
total synthesis of the cembranoid natural product (-)-7-deacetoxyalcyonin 
acetate.9 Syntheses of other members quickly followed by the groups of 
Paquette, Molander, Crimmins, Hoppe, Kim, Clark, and Johnson.7,10 
 
B. The Briarellins 
 Almost all known briarellins have been isolated and characterized by 
Rodríguez and co-workers. They suggested that this new class constituted an 
intermediate between the cladiellins and asbestinins that was absent in 
Faulkner’s original biosynthetic proposal.3  Briarellins A-D (Figure 1.2) were 
isolated in 1995 from the extracts of B. asbestinum collected near Mona Island, 
Puerto Rico and comprised a new group of lactone-cyclized eunicellins.3 That 
same year Rodríguez also identified briarellins E-I.11 In 2002 briarellins J-P5 were 
isolated from B. polyanthes, and in 2006 briarellins Q and R12 were reported. In 
terms of biological activity, briarellin A and briarellin E both display modest in 
vitro cytotoxicity against HeLa cells with an estimated IC50 = 20.0 µg/mL.3,11 
Briarellin L possesses an IC50 value of 13 µg/mL against Plasmodium falciparum, 
the parasite responsible for the most severe forms of malaria.5 It has been 
  4 
suggested that the absence of an –OR group at C6 in the briarellins leads to 
significant decrease in antimalarial activity. The lack of any significant 
antiplasmodial activity in briarellin J supports this hypothesis.5  
The structures of the briarellins were elucidated by the interpretations of 
extensive analysis of IR, MS, 1D and 2D NMR. Chemical manipulation has also 
helped corroborate some of the structural assignments; for example, butyrylation 
of briarellin B provided briarellin C.3 The molecular formula for briarellin J was 
Figure 1.2. The Briarellins 
identified as C22H32O5 from HRFABMS. The diterpene structure was inferred 
from its 13C NMR spectrum, where all 20 carbons are clearly accounted for after 
H
O
H
H
H
H
HO
O
H
O
H
H
H
H
HO
O
O
OCOC7H15
OH
H
O
H
H
H
H
HO
O
O
OCOC7H15
OR
H
O
H
H
H
H
O
O
OH
H7C3OCO
Briarellin A Briarellin D
Briarellin B, R=H
Briarellin C, R=COC3H7
O2CC7H15
OH
H
O
H
H
H
H
HO
O
OH
H
O
H
H
H
H
HO
O
O2CC7H15
H
O
H
H
H
H
HO
O
O
HO
O
C7H15CO2
Briarellin HBriarellin G
Briarellin E
Briarellin I
H
O
H
H
H
H
AcO
O
O
H
O
H
H
H
H
R1O
O
O
Briarellin J
OR2
Briarellin K, R1=Ac, R2=H
Briarellin L, R1=COC3H7, R2=Ac
H
O
H
H
H
H
AcO
O
O
OH
OR
Briarellin M, R=H
Briarellin N, R=Me
H
O
H
H
H
H
H7C3OCO
O
O
OH
OR
Briarellin O, R=H
Briarellin P, R=Me
H
O
H
H
H
H
H7C3OCO
O
O
HO
OH
Briarellin Q
H
O
H
H
H
H
H7C3OCO
O
O
Briarellin R
H
O
H
H
H
H
HO
O
O2CC7H15
O
Briarellin F
  5 
subtraction of the two carbons ascribed to the acetate group. The planar 
structure of briarellin J was defined by 1H NMR, 13C NMR, DEPT, HMQC, and 
HMBC experiments. HMBC experiments were used to establish the connectivity 
of the isolated proton spin systems deduced from 1H-1H COSY. The relative 
stereochemistry was determined by comparing the NOESY spectrum to that of 
the previously identified briarellin D, which in turn was compared to briarellin A.  
Ultimately the relative stereochemical assignments for briarellins B-D and 
J-R are all based on comparisons to the spectral data of and assignment for 
briarellin A (Figure 1.3).  When assigning briarellin A, Rodríguez assumed that  
 
Figure 1.3. Key nOe Interactions Present in Briarellins A, E, and J 
the cyclohexane ring must be locked in a boat conformation since the 
cyclohexane ring of the asbestinins possesses a boat conformation.3,13 Guided 
by that axiom and knowledge that the C14 methine hydrogen was α (directed 
below the plane of the molecule as drawn), the C11 methyl group was assigned 
as β (projecting out of the plane as drawn) since there was no nOe response 
correlating the C11 methyl and the C14 methine proton. If the C11 methyl of a 
particular briarellin were α and therefore in a flagpole (axial) position, this key 
nOe correlation would be expected to be present; for example, the α methyl 
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assignment in briarellin E is a result of the presence of this key nOe interaction. 
Furthermore, the distinctive downfield C11 resonance at 80.5 ppm in the 13C 
NMR spectrum of briarellin A, compared to previously known eunicellins where 
the C11 resonance occurs at 70-73 ppm, suggested a difference in configuration. 
Because briarellin J exhibited the same nOe pattern as briarellin A, the C11 
methyl was also proposed to be β.5   
 It is interesting to note that briarellins A-D and J-R have been assigned 
C11 configurations opposite to those assigned for briarellins E-I, which have 
been verified by total synthesis.8,14 This assignment has important consequences 
regarding Faulkner’s biosynthetic proposal. The stereochemistry at C11 in 
briarellins E-I is such that it would allow for a suprafacial 1,2-methyl shift resulting 
in the asbestinins. However, for briarellins A-D or J-R an impossible antarafacial 
1,2-methyl shift would be required to assemble any member of the asbestinins. 
Thus a discrepancy exists between the biosynthetic proposal advanced by 
Faulkner and the chemical structures advanced by Rodríguez. It should be 
emphasized that the history of C2,C11-cyclized diterpenes is rich in cases of 
structural revision prompted either by chemical synthesis or simply reexamination 
of the original isolation data. For example, Rodríguez has revised his own 
structural assignments of some briarellins and asbestinins based on 
reexamination of the original spectral data.5 Also, independent chemical 
syntheses of sclerophytin A by Overman15 and Paquette16 prompted a structural 
revision, as did Overman’s synthesis of alcyonin.8  
 
  7 
C. Synthetic Efforts Towards the Briarellins 
 Prior to this work, the only reports involving synthetic efforts towards the 
briarellins was the Overman group’s total synthesis of briarellin E (1) and F 
reported in 2003.8,14 Having established an efficient route for accessing the 
cladiellins, Overman turned his attention to applying the same basic strategy 
towards the more recently isolated briarellins. Retrosynthetically (Scheme 1.1), 
they sought to form the oxacyclononane ring via a late stage Nozaki-Hiyama- 
Scheme 1.1. Overman’s Retrosynthesis of Briarellins E and F 
  
Kishi17 cyclization and also a late-stage etherification to introduce the oxepane. 
The hexahydroisobenzofuran core would be rapidly assembled via a clever acid-
catalyzed Prins-pinacol cyclization.18 Ultimately the cyclohexane framework 
would derive from (S)-(+)-carvone.  
 The synthesis commenced with a hydroboration of (S)-(+)-carvone to 
reduce the ketone and install a methyl group and an alcohol functional handle at 
C15 (Scheme 1.2).19 Although the hydroboration was unselective, the 
stereochemistry was easily corrected. First, TEMPO mediated oxidative 
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lactonization afforded lactone 8.20 Next, protonolysis of an intermediate silyl 
ketene acetal resulted in protonation from the less hindered convex face with 
excellent diastereoselectivity to install the desired stereochemistry at C15.21 
Reduction to the diol followed by protection of the primary alcohol and oxidation22 
of the secondary alcohol afforded enone 10. Transformation of ketone 10 to its 
Scheme 1.2. Synthesis of Prins-pinacol Precursor 
 
kinetic enol triflate23 followed by palladium-catalyzed coupling24 with (Me3Sn)2 
and in situ iodination of the resulting vinylstannane with N-iodosuccinimide25 
delivered cyclohexadienyl iodide 11. Coupling of α-alkoxy aldehyde 12 with the 
vinyllithium species generated from iodide 11 and removal of the 1-methyl-1-
methoxyethyl protecting group gave the cyclohexadienyl diol 4 as an 
inconsequential mixture of allylic alcohol epimers in good yield.  
 The stage was now set for the Prins-pinacol cyclization (Scheme 1.3).  
Acid induced condensation of aldehyde 13 and diol 4 in the presence of the 
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dehydrating agent MgSO4 provided acetal 14. Upon exposure to catalytic Lewis 
acid, oxocarbenium ion formation followed by a 1,2-alkyl shift exposed the 
tetrahydroisobenzofuran product 3. The stereochemical outcome of the Prins-
pinacol is predicted to arise from transition state 15 (Figure 1.4) whereby, 
following formation of the more stable (E)-oxocarbenium ion,26 the molecule 
adopts the necessary chair conformation for the 6-endo cyclization. In chair  
Scheme 1.3. Prins-pinacol Cyclization 
 
conformation 15, all substituents are oriented pseudoequatorially while the diene 
approaches the oxocarbenium ion from the face opposite the bulky silyl ether 
side chain.  
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Figure 1.4. Transition States for Prins-pinacol Rearrangement 
 With the core in place, efforts were directed towards installing the oxepane 
ring (Scheme 1.4). Stereospecific photolytic deformylation27 of 3 and deprotection  
yielded bicycle 19. Hydroxyl-mediated epoxidation28 of 19, where minimization of 
A1,3 strain results in epoxidation from the top face, and acetylation of the primary 
alcohol afforded epoxy acetate 21. Under acidic conditions, the acetate in 21 
provided anchimeric assistance to open the epoxide with inversion. Acetylation of 
the resultant mixture of primary and secondary alcohols provided alcohol 22. To 
introduce the hydroxyl group at C11, 22 was exposed to m-CPBA which resulted 
in epoxidation from the undesired bottom face. To avoid interactions with the five-
carbon side chain, the 1-methyl-2-siloxyethyl substituent adopts a pseudoaxial 
orientation, as depicted in 20, which forces epoxidation to occur on the bottom 
concave face of the hexahydroisobenzofuran core. It was decided that this 
stereochemical outcome would be corrected after installation of the oxepane. 
Towards that end, cleavage of the silyl ether and formation of the primary triflate 
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under basic conditions initiated an intramolecular etherification affording tricycle 
23.29 
Scheme 1.4. Synthesis of the Oxepane Ring 
 
 To correct the stereochemistry at C11, epoxide 23 was subjected to dilute 
acid resulting in opening at C11 from the top face (Scheme 1.5). The extraneous 
secondary alcohol in diol 24 was removed by mesylation and reduction. Selective 
acetylation of the primary alcohol with Otera’s reagent30 and appendage of the 
octanoyl side chain furnished alkyne 26. The terminal alkyne was converted to 
vinyl iodide 27 via a stannylalumination/protonolysis31 and iodination sequence. 
The total synthesis of briarellin E was then completed in three steps from vinyl 
iodide 27. Selective removal of the acetate protecting group using an Otera 
protocol32 and oxidation with Dess-Martin periodinane33 afforded vinyl iodide 
aldehyde 28. Nozaki-Hiyama-Kishi17 cyclization proceeded with high 
stereoselectivity, producing only briarellin E in a total of thirty linear steps. A 
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simple Dess-Martin oxidation of briarellin E then provided briarellin F in thirty one 
linear steps. Synthetic briarellin E and F were identical in all respects with the 
data reported for the natural sample. The Overman synthesis established the 
absolute configuration of the briarellins, and demonstrated that Rodríguez’s 
proposed structures for briarellins E and F, and presumably G-I, were correct. 
Scheme 1.5. Completion of Briarellin E and F 
  
 It should be noted that while the Overman approach provides an efficient 
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membered ring since the very nature of the Nozaki-Hiyama-Kishi reaction is such 
that it would not allow for formation of an endo olefin. In 2009 Overman reported 
investigations to form briarellins with an endo olefin via a late stage ring-closing 
metathesis (Scheme 1.6).8 The group hoped that the conformational constraints 
of the tricyclic compound 30 would allow for productive ring-closure. 
Unfortunately, although both the second-generation Grubbs34 catalyst and 
Schrock35 catalyst were both attempted, no desired ring-closure took place. 
Instead the only recognized product was the result of isomerization of the 
terminal alkene to its internal isomer followed by ring-closure. The net result was 
a ring one methylene unit less than anticipated.  
Scheme 1.6. Attempted Late Stage Nine-Membered Ring Formation 
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CHAPTER 2 
 
TOTAL SYNTHESIS AND REVISION OF THE PROPOSED STRUCTURE OF 
BRIARELLIN J 
 
A. The Synthesis of Medium Ring Ethers in the Crimmins Laboratory  
 Due to the prevalence of seven, eight, and nine-membered rings in natural 
products, the Crimmins lab has endeavored to develop a practical and flexible 
approach towards the enantioselective synthesis of medium ring ethers by 
combining either the asymmetric aldol or the asymmetric glycolate alkylation in 
conjuction with a ring-closing metathesis reaction (Scheme 2.1).36 The general 
strategy for the asymmetric construction of the requisite dienes needed for the  
Scheme 2.1. Aldol/RCM Approach to Medium Ring Ethers 
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ring-closing metathesis reaction is the combination of an asymmetric aldol 
reaction of an oxazolidinethione glycolate 32 with an appropriate aldehyde 33. 
This strategy allows for the formation of various ring sizes by simply varying the 
glycolate chain and/or aldehyde chain length. Furthermore, since more elaborate 
glycolates can be utilized without loss of conversion or diastereocontrol, this 
method offers a convenient method for assembling a variety of α,α’-disubstituted 
ethers 34 
The success of the ring-closing metathesis reaction in medium rings has 
been attributed to the gauche effect acting as an acyclic conformational bias, 
which aids in intramolecular ring-closure.37 The well known gauche effect of 1,2-
dioxygen substitution orients the two oxygen substituents A and B in 37 gauche 
to each other in order to allow for favorable overlap between the σC-H and σ*C-O 
orbitals. The end result is visible in Newman projection 38 wherein the olefinic 
side chains are oriented proximal thus favoring an intramolecular ring-closure 
over the intermolecular oligomerization. The gauche effect thus eliminates the 
previous need for extra rigidifying cyclic constraints to achieve successful ring-
closure.38 This strategy also allows for easy removal of the chiral auxiliary and 
protection of the alcohol groups. Recently, members of the Crimmins’ laboratory 
have successfully applied this aldol/metathesis strategy to the enantioselective 
total synthesis of medium ring ethers such as laurencin,36c rogioloxepane A,39 
isolaurallene,40 obtusenyne,41 and the C2,C11-cyclized cembranoids  ophirin B,42 
astrogorgin,42 11-acetoxy-4-deoxyasbestinin D,43 and asbestinin 12 (Figure 
2.1).43b  
  16 
 
Figure 2.1. Previous Successes of the Aldol/RCM Strategy  
 
B. Total Synthesis of the Proposed Structure of Briarellin J 
 Whereas previous approaches to C2,C11-cyclized cembranoids have 
relied on formation of the hexahydroisobenzofuran core prior to formation of the 
nine-membered ring and an early installation of the C15 stereocenter, our 
strategy for attacking these diterpenes was predicated on the Crimmins 
laboratory’s successes in the enantioselective construction of medium ring 
ethers. Due to the interesting inconsistency with Faulkner’s proposed 
biosynthesis and our experience in C2,C11-cyclized cembranoid total 
synthesis,42,43 we chose briarellin J as a prime target for total synthesis.  
 Retrosynthetically (Scheme 2.2), the proposed structure of briarellin J 39 
was envisioned to arise from a late stage substrate-controlled hydroboration of 
hexahydroisobenzofuran 40 to install the C15 stereocenter, followed by oxidative 
lactonization to close the ε-lactone and final acetylation of the C11 hydroxyl. The 
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interesting global conformation of briarellin J (Figure 2.2) suggested that the top 
face of the cyclohexane ring is the less hindered convex face while the bottom 
face of the oxonene is the less hindered convex face. Thus 
hexahydroisobenzofuran 40 was proposed to arise from methyllithium addition to 
diketone 41. Diketone 41 would ultimately result from an intramolecular Diels-
Alder reaction of triene 43.44 Triene 43 would be rapidly assembled from the 
Crimmins aldol/ring-closing metathesis strategy of glycolate 45. Glycolate 45 
would result from elaboration of commercially available (R)-benzylglycidyl ether 
46. 
Scheme 2.2. Retrosynthesis of Briarellin J 
 
 The synthesis commenced by taking advantage of chemistry previously 
developed in the Crimmins laboratory to access oxonene 58 in a straightforward 
manner (Scheme 2.3).43 Large quantities of alcohol 48 were reliably obtained via 
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copper-catalyzed epoxide opening of (R)-benzylglycidyl ether with Grignard 
reagent 47.45 Simple alkylation with bromoacetic acid in a mixed solvent system 
generated glycolic acid 50, which was easily coupled with oxazolidinethione 51  
 
 
Figure 2.2. Global Conformation of Briarellin J 
under standard coupling conditions to provide key glycolate 45 for the Crimmins 
asymmetric glycolate aldol addition. Prior studies in the Crimmins lab had 
demonstrated that enolization with titanium tetrachloride and N,N-
diisopropylethylamine followed by addition of N-methyl-2-pyrrolidinone shortly 
before addition of the aldehyde led to higher yields of aldol adduct.46 Although 4-
pentenal is not commercially available, it is readily synthesized by treating 
racemic glycidol 59 with allylmagnesium chloride to provide diol 60 (Scheme 2.4). 
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Diol cleavage followed by distillation then provided ample quantities of 4-
pentenal. The remarkable diastereoselectivity observed in this aldol addition is  
Scheme 2.3. Rapid Assembly of the Oxonene Ring 
 
proposed to arise from dipole minimized Zimmerman-Traxler transition state 53 
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Scheme 2.4. 4-Pentenal Synthesis 
 
gauche effect, α,ω-diene 44 was subjected to Grubbs second generation 
catalyst34 in dichloromethane at reflux to reproducibly provide extremely  high 
yields of medium ring ether 57. Sodium in ammonia reduction then cleaved the 
benzyl protecting group to expose oxonene 58. Impressively, this sequence 
provides oxonene 58 in only eight steps and an overall yield of 60%, thus 
allowing for the rapid synthesis of large quantities of the shelf-stable oxonene.  
 With the largest ring of briarellin J successfully synthesized in large 
quantities, attention then turned to installation of the hexahydroisobenzofuran 
core via a Diels-Alder reaction analogous to the strategy previously employed in 
the Crimmins laboratory towards the total synthesis of the cladiellins and 
asbestinins (Scheme 2.5).42,43 Unfortunately there are no known simple one-pot 
reactions to introduce the particular diene we required for our Diels-Alder 
cycloaddition in high yield and with the correct olefin geometry. A workable 
solution was found via Swern48 oxidation of primary alcohol 58 and Wittig 
olefination of the resultant aldehyde 61 with phosphonium salt49 62 to afford (Z)-
unsaturated ester 63 in good yield. A sequence of reduction of ester 63 to the 
allylic alcohol, manganese dioxide oxidation to the aldehyde, and a methylene 
Wittig olefination was performed with only a single final chromatographic 
purification to construct the requisite diene 64. Although the synthesis of our 
diene was suboptimal in terms of step count, the reactions from 58 to 64 are 
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operationally simple, high-yielding, and can be all performed in less than two 
days. Furthermore, phosphonium salt 62 is readily available in large quantities 
from methyl dimethoxyacetate 65. Lastly, selective deprotection of the primary 
alcohol with ammonium fluoride afforded alcohol 43, ready to be converted to our 
dienophile.50 
Scheme 2.5. Diene Installation 
 
 Due to the acid-sensitive nature of the enol ether, alcohol 43 was 
subjected to a TPAP/NMO51 oxidation followed by a quick filtration, solvent 
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triphenylphosphorane52 (Scheme 2.6). During the course of the olefination 
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ether and the α-hydrogen of the enone are relieved. The importance of the bulky 
C3 protecting group in forcing the switch from an endo to exo product had 
previously been demonstrated in the Crimmins synthesis of ophirin B,7 where 
smaller protecting groups resulted in poorer selectivity for the exo product. 
Furthermore, work in the Holmes laboratory towards the synthesis of a cladiellin 
natural product utilizing a similar substrate epimeric at C3 resulted in a Diels-
Alder cycloaddition which was selective for the endo product rather than the exo 
product.53 
Scheme 2.6. Exo-Selective Diels-Alder Cycloaddition 
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our planned methyllithium addition, Wittig olefination of ketone 42 generated a 
functional handle for future elaboration into the ε-lactone. Both the enol ether and 
the TBS ether of 71 were capable of being removed in a single step via exposure 
to aqueous hydrofluoric acid to afford keto-alcohol 72. Oxidation of keto-alcohol 
72 with Dess-Martin periodinane33 finally furnished diketone 41 and unveiled the 
hexahydroisobenzofuran core of briarellin J. 
 Initial attempts at synthesizing the two tertiary alcohols by nucleophilic 
addition to diketone 41 focused on the use of Grignard reagents. Surprisingly, 
only one of the two ketones present in 41 would allow nucleophilic addition with 
either MeMgCl or MeMgBr, even under forcing conditions such as an excess of 
Grignard reagent or heating. Fortunately, when subjected to a large  
Scheme 2.7. Tertiary Alcohol Synthesis 
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correlation between the C11 methyl and the C10 methine hydrogen and also a 
nOe correlation between the C3 methyl and the C2 oxymethine hydrogen, 
confirming that addition to the C3 ketone occurs from the convex α face of the 
nine-membered ring while addition to the C11 ketone occurs from the convex β 
face of the cyclohexanone.  
 All that remained to complete the synthesis of briarellin J was to introduce 
the final stereocenter at C15, form the lactone, and acetylate the tertiary alcohol 
at C11. Although previous syntheses of C2,C11-cyclized cembranoids in the 
Crimmins laboratory required the use of a chiral hydroborating reagent to install 
the C15 stereocenter,43 we were cognizant of the fact that several examples in 
the literature have demonstrated successful diastereoselective hydroboration of a 
variety of 1,1-disubstituted alkenes with the achiral reagent 9-BBN.54 Fortunately, 
when the diol 40 was exposed to an excess of 9-BBN and oxidized with sodium 
perborate,55 we observed formation of a single diastereomeric product as 
evidenced by 1H NMR spectroscopy (Scheme 2.8). Surprisingly, if multiple 
equivalents of 9-BBN were added in a single portion at the start of the reaction, 
hydroboration of the oxonene was often observed in addition to hydroboration of 
the 1,1-disubstituted olefin. After some experimentation it was determined that to 
achieve high yields in the hydroboration reaction it was best to titrate diol 40 with 
1.3 equivalents of 9-BBN every thirty minutes until TLC indicated complete 
consumption of starting material. The titration protocol’s success is possibly a 
simple artifact of the decrease in activity as bottles of 9-BBN age. 
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Scheme 2.8. Substrate-Controlled Hydroboration 
 
 Although it was clear from NMR spectra of triol 73 that the hydroboration 
had produced a single diastereomer, identifying which diastereomer was 
produced was complicated by the fact that 73 co-elutes with the cyclooctadiol 
from the 9-BBN and, more importantly, free rotation about the C14-C15 bond 
makes NOESY analysis unreliable. To overcome this problem, the mixture of 73 
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cyclization allowed for confident nOe analysis. Clear nOe correlations were 
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methyl group and the C1 methine hydrogen indicating that we had installed the 
correct C15 stereochemistry needed for briarellin J. To account for the exquisite 
selectivity observed in the substrate-controlled hydroboration, it is proposed that 
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cyclohexane ring such that the si face is readily accessible while the re face is 
blocked by the tertiary alcohol at C3 (Figure 2.3). In addition to a successful 
hydroboration, our hard work was rewarded with crystalline material bearing all of 
the stereocenters needed for briarellin J. This provided a fortuitous point to  
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Figure 2.3. Model for Hydroboration Selectivity 
verify our synthetic work and NOESY analyses. X-ray crystallography of lactone 
74 revealed that we had indeed correctly installed all of the stereocenters of the 
proposed structure of briarellin J (Figure 2.4).  
 
Figure 2.4. X-ray Structure of Lactone 74 
 All that remained to complete the synthesis was to acetylate the only 
remaining free alcohol in lactone 74. Unfortunately this proved more difficult than 
anticipated. Although there are several examples in the literature where 
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easily accessible. As shown in the X-ray crystal structure (Figure 2.4), the alcohol 
of 74 is located on the more hindered concave face of the cyclohexane ring and 
actually quite difficult to access. Indeed some of the most common acetylation 
conditions, even those developed specifically for acetylation of hindered tertiary 
alcohols,56 failed to give any desired product (Table 2.1). Fortunately a procedure  
 
Table 2.1. Acetylation Conditions 
reported by Magnus and co-workers using isopropenyl acetate and p-TsOH 
finally afforded the acylated product (Scheme 2.9).57  
To our surprise, the 1H and 13C NMR spectra of synthetic 39 were 
discernibly different from the data reported for the natural briarellin J.5 Initially we 
suspected possible loss of stereochemical integrity during the course of 
acetylation since the reaction was carried out under acidic conditions. NOESY 
analysis of 39 was unfortunately inconclusive as many of the diagnostic proton 
resonances were obscured by overlap with other proton signals. However, we  
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Scheme 2.9. Successful Acetylation and Completion of the Synthesis 
 
were able to prove that no loss of stereochemical integrity had occurred by 
degrading acetate 39 via a reduction/oxidation sequence (Scheme 2.10). The 
resultant lactone was identical in all aspects to the previously synthesized 
lactone 74, indicating that the stereocenters in 74 are conserved upon 
conversion to acetate 39. Thus we had successfully completed the total 
synthesis of the proposed structure of briarellin J in twenty-three linear steps 
from (R)-benzylglycidyl ether. Although we did not synthesize the true structure 
of briarellin J, this proved to be the shortest route towards a C2,C11-cyclized 
cembranoid developed in the Crimmins laboratory.  
Scheme 2.10. Degradation Study of Acetate 39 
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and demonstrated what the true structure of briarellin J was not, we next set out 
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to determine the exact structure of briarellin J. Our attention immediately turned 
to the anomalous C11 stereocenter based on the information present in 
Faulkner’s biosynthesis,6 Overman’s synthesis of briarellin E and F,14 the original 
isolation data,5 and an interesting pattern observed among the known briarellins.  
 
(i) Faulkner’s Biosynthetic Proposal  
 According to Faulkner’s proposed biosynthesis, the briarellins give rise to 
the asbestinins via a 1,2-methyl shift from C11 to C12 (Figure 2.5). Since the 
C12 stereochemistry is consistent throughout all known asbestinins, the 
biosynthesis would require the briarellins to also have a similar and consistent 
stereochemistry at C11 so as to allow for a suprafacial 1,2-methyl shift rather  
 
Figure 2.5. Conservation of C12 Configuration in the Asbestinins 
than the quite disfavored antarafacial 1,2-methyl shift.  Many of the proposed 
structures of the briarellins do not fulfill this requirement. However, briarellins E-I, 
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laboratory, do meet this requirement. Although certainly not impossible, it would 
be quite surprising for an organism to have developed biosynthetic machinery 
which would not only synthesize a set of briarellins with the necessary 
configuration at C11 for the 1,2-methyl shift but also synthesize another set of 
briarellins unsuitable for further elaboration into an asbestinin. This led us to 
believe that the true structure of briarellin J is simply the C11 epimer of 
Rodriguez’s proposed structure. 
 
(ii) Rodríguez’s Assignments for Briarellin A, D, and J 
 The original relative stereochemistry of briarellin J was assigned by simple 
comparison of several nOe interactions with the NOESY spectrum of briarellin 
D.5 The relative stereochemistry of briarellin D was in turn assigned by simple 
comparison of several nOe interactions with the NOESY spectrum of briarellin A.3 
Therefore, to understand Rodríguez’s original stereochemical assignments for 
briarellin J, it is necessary to understand Rodríguez’s assignment for briarellin A. 
 The carbon skeleton of briarellin A was readily determined from HRMS, 1H 
NMR, 13C NMR, and selective INEPT experiments.3  The relative stereochemistry 
of briarellin A was assigned based on NOESY experiments and comparison of 
certain nOe interactions to those present in asbestinin-7,58 an asbestinin 
previously isolated and identified by Rodríguez (Figure 2.6). Since the 1H and 13C 
NMR spectra of briarellin A and asbestinin-7 were very similar, and since similar 
nOe’s were observed in both compounds, Rodríguez concluded that the two 
compounds should have the same stereochemistry at all the ring junctures and 
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common chiral centers in their structures.3 Arbitrarily assigning H1 as β, the 
orientations of protons H2 and H14 could be assigned α since they failed to 
exhibit an nOe correlating them with H1. Furthermore, an intense nOe was 
observed between H2 and H14 and also between H2 and the C18 methyl 
hydrogens, therefore allowing for determination of the C18 methyl as α. Although 
the methyl group on C15 failed to exhibit an nOe with the H14 hydrogen, the C15 
methine hydrogen did have a clear correlation with the H14 hydrogen, and thus 
the C15 methyl was assigned as β. 
 
Figure 2.6. nOe’s and C11 Resonance in Briarellin A 
 The logic behind the assignment of the C11 stereocenter in briarellin A 
and briarellin J is interesting and a bit more complicated. Rodríguez was 
operating under the assumption that the cyclohexane ring of the briarellins was 
locked into a boat conformation,13 since that is what is observed in the 
absestinins. This makes sense for the asbestinins since substituents occupy 
pseudoequatorial positions at C12 and C14. If the C11 methyl were located in an 
axial flagpole position of a boat cyclohexane as in 76 (Figure 2.7), it would have 
a strong correlation with α H14 but no correlation with β H10. Since the C11 
methyl group actually failed to exhibit a correlation with α H14, but instead 
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showed correlations with α H9 and β H10, Rodríguez assigned the C11 methyl 
as β (equatorial on proposed boat cyclohexane ring 75). Although the nOe to α 
H9 would imply the C11 methyl should be α, Rodríguez argued the correlation 
was not definitive since an nOe correlation with α H9 would be expected 
regardless of whether the C11 methyl is α or β, providing the cyclohexane ring is 
actually locked into a boat conformation (compare 75 and 76 in Figure 2.7).3 
Since these same nOe interactions were identified in briarellin J, the C11 methyl 
was assigned as β in briarellin J.  Furthermore, Rodríguez believed that because 
the C11 resonances in the 13C NMR spectra of briarellin A and briarellin J were 
shifted downfield (80.5-85.0 ppm) compared to cladiellane-3,7,11-triol (Figure 
2.6), the C11 briarellin stereochemistry must be of the opposite configuration of  
cladiellane-3,7,11-triol.3,58  
 
Figure 2.7. Rodríguez’s Assignment of Briarellin A 
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 To summarize then how Rodríguez arrived at his C11 stereochemical 
assignment of briarellin J (Figure 2.8), since select nOe’s for briarellin J 
compared favorably with the NOESY spectra of briarellin D and briarellin A, the 
same arguments for the C11 stereochemistry in briarellin A and briarellin D (boat 
conformation, C11 downfield resonance) were invoked for why briarellin J should 
have a β C11 methyl. Throughout this analysis, the option that a different 
conformation of the cyclohexane ring might be possible was not considered. 
 
Figure 2.8. Summary of Rodríguez’s Argument for C11 Assignments 
 There are many problems associated with Rodríguez’s assignment of 
briarellin A, and thus briarellin J, as argued in the original isolation paper.  
 First, there is no logical reason why the cyclohexane ring of the briarellins 
must be locked into a boat; indeed molecular modeling suggests that a chair 
conformation is equally reasonable and also likely if the C11 methyl would be 
equatorial. This initial erroneous assumption made in the assignment for briarellin 
A was unfortunately propagated throughout the briarellins.  
Rodríguez Argument #1
If the cyclohexane ring of the briarellins is locked in a boat, then the reported
C11 methyl nOe's of briarellin J imply a ! C11methyl.
(Assumption) The cyclohexane is locked in a boat. 
Therefore, the reported nOe's imply a ! C11methyl for briarellin J.
Rodríguez Argument #2
If the C11 13C NMR resonance of a briarellin is different from that of cladiellane-3,7,11-
triol, then the C11 stereochemistry of that briarellin must be different from cladiellane-
3,7,11-triol.
The C11 13C NMR resonance of briarellin J is different (shifted downfield).
Therefore briarellin J has a different C11 stereochemistry from cladiellane-3,7,11-triol.
Cladiellane-3,7,11-triol has an ! methyl at C11.
Therefore, to be different, briarellin J must have ! methyl at C11.
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 Second, the proposed structure of briarellin A, and therefore briarellin J, is 
inconsistent with other structural assignments of C2,C11-cembranoids made not 
only by Rodríguez himself but also by other isolation chemists (Figure 2.9). For 
example, briarellin J and polyanthellin A were isolated and reported together by 
Rodríguez in 2003.5 Although the reported C11 methyl nOe patterns for briarellin 
J and polyanthellin A were the exact same, Rodríguez defaulted to a β C11 
methyl assignment for briarellin J simply because it was similar to briarellins A 
and D.5 Therefore the error made in the structural assignment for briarellin A was 
propagated through to briarellin D and eventually to briarellin J.  It is interesting to 
note that the structural assignment of polyanthellin A was not assisted by a 
default comparison to previously isolated molecules, and polyanthellin A was  
 
Figure 2.9. C11 Resonances and nOe’s for C11 Stereochemistry 
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assigned an α C11 methyl.5  Furthermore, Kashman and co-workers reported the 
isolation and assignment of klyxumine A in 2005 in which the C11 methyl was 
assigned as α based on nOe correlations between the C11 methyl and β H10 
and also α H9.59 The exact same pattern of nOe’s for klyxumine A was observed 
for briarellin J, and yet the two isolation chemists arrived at opposite C11 
stereochemical assignments.   
 Third, Rodríguez argued that the C11 stereochemistry of briarellin A (and 
therefore briarellin J) must be different from that of cladiellane-3,7,11-triol since 
the briarellin C11 carbon resonances are shifted downfield compared to the 
cladiellane-3,7,11-triol C11 carbon resonances.3 However, the C11 carbon 
resonances in polyanthellin A, klyxumine A, and 11-acetoxy-cladiellane-3,7-diol 
are farther downfield than the C11 resonances observed in cladiellane-3,7,11-
triol (Figure 2.9), yet they have the same stereochemistry at C11 as cladiellane-
3,7,11-triol. Therefore, it does not logically follow that the C11 stereochemistry of 
briarellin J must be opposite that of cladiellane-3,7,11-triol simply because the 
briarellin C11 resonance is shifted downfield compared to cladiellane-3,7,11-triol. 
 Fourth, and surprisingly, perhaps as a result of simply comparing only 
select nOe interactions present in briarellin J to those of previously isolated 
briarellins for structural determination, several noteworthy nOe interactions went 
unreported in the briarellin J isolation paper. Key nOe crosspeaks involving the 
acetate group at C11 were never reported in the isolation paper, but are clearly 
present in the NOESY spectrum of briarellin J (Figure 2.10).60 For example, the 
interaction of the acetate methyl group with the C1 β methine hydrogen and also  
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Figure 2.10. Original NOESY Data for Briarellin J 
the interaction of the acetate methyl group with the C19 methyl group provide 
substantial evidence that Rodríguez’s proposed structure is incorrect.  
H
O
H
H
H
H
AcO
O
O
proposed briarellin J
19
1
C1 methine
hydrogen
acetate 
methyl
C19 methyl
C
1
9
 m
e
th
y
l
a
c
e
ta
te
 m
e
th
y
l
C
1
 m
e
th
in
e
  37 
 If the cyclohexane ring of briarellin J were indeed locked into a boat 
conformation with the C11 methyl β, as proposed by Rodríguez, there would be 
no logical way to account for the observed acetate methyl nOe interactions. For 
example, it would be quite difficult for a C11 α tertiary acetate to have an nOe 
correlation with the β C1 methine hydrogen, since these two structural units of 
briarellin J are on opposite faces of the molecule and would be spatially very 
distant from each other (Figure 2.11). Similarly, Rodríguez’s proposed structure 
would not account for the nOe between the C19 methyl and the C11 acetate 
methyl. Since the nine-membered ring of briarellin J is cup shaped, the C19 
methyl is oriented towards the β face, making an nOe with an α acetate group 
difficult.  
 
Figure 2.11. Rodríguez’s Proposed Boat Conformation 
 The four problems discussed strongly refute the stereochemical 
assignment proposed by Rodríguez (Figure 2.12). It is clear that the C11 methyl 
assignment of briarellin J was based on faulty logic.  
19
1
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Figure 2.12. Refutation of Rodríguez’s Arguments 
 To solve the problems encountered with Rodríguez’s assignment, a 
revised structure for briarellin J is proposed in which 1) the cyclohexane ring 
rests in a chair conformation rather than a boat and 2) the C11 acetate resides 
on the β face and the C11 methyl is α (equatorial). This revision is much more 
consistent with all of the observed data. For example, the revised structure 
(Figure 2.13) accounts for all of the reported nOe’s between the C11 methyl and 
the α H9 and β H10 hydrogens. More importantly, a chair cyclohexane with an α 
Rodríguez Argument #1
If the cyclohexane ring of the briarellins is locked in a boat, then the reported
C11 methyl nOe's of briarellin J imply a ! C11methyl.
(Assumption) The cyclohexane is locked in a boat. 
Therefore, the reported nOe's imply a ! C11methyl for briarellin J.
Refutation of Argument #1
- False assumption. Since the cyclohexane does not have to be locked into a boat
conformation, the conclusion does not follow.
- The reported C11 methyl nOe's are consistent with the nOe's observed in 
polyanthellin A and klyxumine A, which have an ! C11 methyl. Therefore it is not 
necessarily true that the reported nOe's for briarellin J imply a ! C11 methyl.
- Unpublished nOe's are incompatible with a ! C11 methyl.
Rodríguez Argument #2
If the C11 13C NMR resonance of a briarellin is different from that of cladiellane-3,7,11-
triol, then the C11 stereochemistry of that briarellin must be different from cladiellane-
3,7,11-triol.
The C11 13C NMR resonance of briarellin J is different (shifted downfield).
Therefore briarellin J has a different C11 stereochemistry from cladiellane-3,7,11-triol.
Cladiellane-3,7,11-triol has an ! methyl at C11.
Therefore, to be different, briarellin J must have ! methyl at C11.
Refutation of Argument #2
- False premise. A different chemical shift implies a different chemical/magnetic 
environment and may imply a difference in stereochemistry.
- Chemical shifts in polyanthellin A, klyxumine A, and 11-acetoxy-cladiellane-3,7-diol
demonstrate that a downfield C11 signal can be compatible with an ! C11 methyl.
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(equatorial) C11 methyl group also accounts for the unpublished nOe between 
the C11 methyl and the C19 methyl, the unpublished nOe between the acetate 
group and the β H1 hydrogen, and finally the unpublished nOe between the 
acetate group and the C19 methyl group. Furthermore, an equatorial C11 methyl 
readily explains the lack of an nOe between the C11 methyl and the C14 α 
methine hydrogen, which Rodríguez originally used to argue against α 
stereochemistry of the C11 methyl group, since the two groups would not be in 
close proximity as shown in chair conformer 77.  
 
 
  40 
 
 
Figure 2.13. Revised Structure Accounts for all nOe’s Observed 
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(iii) Lactone or Ether Ring Correlation with Rodríguez’s C11 Assignment 
 There is an interesting pattern among the proposed structures for the 
briarellins. The briarellins are the only C2,C11-cyclized cembranoids to have a 
lactone ring present (Figure 2.14).3 Interestingly, every briarellin that possesses a 
lactone ring has been assigned the same C11 stereochemistry with the methyl 
group β, while every briarellin that possess an oxepane ring in place of the 
lactone has been assigned an α methyl C11 stereochemistry. While the 
cyclohexane ring of the asbestinins and briarellins E-I are certainly locked in a 
boat conformation, it is possible that the switch from an oxepane to an ε-lactone 
allows for the cyclohexane ring of briarellins A-D and J-R to achieve a chair 
conformation. The only exception to this pattern is briarellin H; however, briarellin 
H is unique in that it is the only briarellin proposed to possess a trans olefin in its 
oxonene ring. All of this evidence supports our proposal that the correct structure 
of briarellin J is simply the C11 epimer of Rodríguez’s originally proposed 
structure.  
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Figure 2.14. Lactone or Ether Ring Correlation with C11 Assignment 
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CHAPTER 3 
 
EFFORTS TOWARDS THE SYNTHESIS OF REVISED BRIARELLIN J 
 
A. Tertiary Alcohol Inversion Strategy  
  Confident that we had identified the correct structure of briarellin J, we 
next sought to complete the synthesis of the natural product using the same 
basic synthetic strategy we developed for the synthesis of Rodríguez’s proposed 
structure.61 Since we hoped for expedient results, we adopted the guiding 
principle that our new synthesis should have the smallest amount of deviation 
possible from our basic synthetic strategy. Furthermore, we were concerned that 
too many synthetic changes could adversely affect some of our key reactions, 
namely the selective addition of MeLi and the substrate-controlled hydroboration.  
 Initial experiments therefore turned to the possibility of performing a 
simple inversion of the C11 alcohol in any of our late-stage intermediates. 
Although inversion of secondary alcohols has become a routine operation thanks 
to Mitsunobu and co-workers,62 inversion of tertiary alcohols is much more 
challenging. However, a recent protocol by Mukaiyama and co-workers,63 in 
which tertiary alcohols undergo inversion by a new type of oxidation-reduction 
condensation using 2,6-dimethyl-1,4-benzoquinone, provided hope that we may 
be able to invert the C11 alcohol. We began by subjecting diol 40 to the reported 
reaction conditions (Scheme 3.1). Although there was the potential that one or 
both alcohols of 40 would undergo inversion, the experiment would provide 
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insights into whether or not this type of inversion strategy would be feasible. 
Unfortunately, when 40 was exposed to Mukaiyama’s conditions multiple 
unidentified products were formed. 
Scheme 3.1. Attempts at Inversion of C11 Tertiary Alcohol 
 
In order to increase the chances for a successful inversion, we decided to 
protect the C3 alcohol as a silyl ether. Selective protection of diol 40 was not 
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TBAF to remove the TBS ether and oxidation of the resultant alcohol with Dess-
Martin periodinane33 afforded ketone 81. Nucleophilic addition of MeLi and acid 
hydrolysis of the enol ether gave rise to keto-alcohol 83. Finally, protection of the 
C3 alcohol as the TES ether and nucleophilic addition of MeLi to the C11 ketone 
provided the appropriately protected product 85. Much to our dismay, alcohol 85 
still failed to give any desired products under Mukaiyama’s conditions. It should 
be noted that although Mukaiyama’s protocol works extraordinarily well in small 
simple substrates, efforts to utilize its power in complex molecule total synthesis 
have been met with failure.64 
 
B. Use of Sterics to Force Desired Reaction  
 Although we were unsuccessful at inverting the C11 tertiary alcohol, we 
were optimistic that we could potentially use steric effects to alter the course of 
the MeLi addition to C11 (Scheme 2.7). Overman’s synthesis of briarellin E 
provided some precedent for this strategy.8,14 When attempting to epoxidize 
olefin 22, epoxidation unexpectedly occurred from the bottom face (Scheme 3.2). 
This was rationalized to be a result of the very bulky TIPS protecting group. To 
avoid interactions with the five-carbon side chain, the 1-methyl-2-siloxyethyl 
substituent of 22 adopts a pseudoaxial orientation forcing epoxidation to occur on 
the bottom concave face of the molecule.  
 To test this hypothesis we synthesized TIPS protected alcohol 91 starting 
from previously synthesized 43 (Scheme 3.3). Oxidation, olefination, and Diels-
Alder cycloaddition of 43 afforded ester 88, which was reduced with DIBAL to  
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Scheme 3.2. Role of Sterics in the Synthesis of Briarellin E 
 
provide primary alcohol 89. Protection as the TIPS ether and hydrolysis of the 
enol ether gave the requisite ketone 91. Although addition of MeLi proceeded 
smoothly at low-temperature to provide a single diastereomer, it was determined 
that tertiary alcohol 92 was of the undesired configuration at C11 via conversion 
of 92 to known 40 and comparison of their spectroscopic data.  
Scheme 3.3. Attempted Steric Control of MeLi Addition at C11 
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C. Selective Oxygenation of the Six-Membered Ring 
 Unable to synthesize briarelin J by a simple tweak of our synthesis we 
next drew inspiration from previous work in the Crimmins laboratory on C2,C11-
cyclized cembranoids. During studies towards the total synthesis of ophirin B,42 
an unexpected product resulted from attempts at a simple alcohol acetylation 
(Scheme 3.4). Rather than acetylation of the secondary alcohol in 94, bridged 
ether 96 was formed as a result of an SN2’ reaction with the intermediate allylic 
acetate 95. Although this was an obstacle in the synthesis of ophirin B, we hoped 
to capitalize on the fact that the trisubstituted cyclohexene could be selectively 
functionalized in the presence of the trisubstituted oxonene.  
Scheme 3.4. Unexpected Bridged Ether Formation in Ophirin B Synthesis   
 
 
(i) Oxymercuration of an Endocyclic Olefin 
 Our total synthesis of the proposed structure of briarellin J demonstrated 
that addition of nucleophiles occurs from the top convex face of the cyclohexane 
ring.61 We reasoned that we could therefore add oxygen across an olefin, as 
opposed to adding a carbon nucleophile to a carbonyl, to achieve our desired 
stereochemistry at C11. One of the most well-known methods of hydrating an 
olefin is the oxymercuration-demercuration reaction.65 The oxymercuration-
demercuration reaction has previously been successfully employed in Paquette’s 
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synthesis of sclerophytin A.16 More germane to our work, Johnson and co-
workers had recently demonstrated in their synthesis of polyanthellin A that 
oxymercuration of an alkylidene cyclohexane occurs with addition of oxygen to 
the top face at C11.10 Inspired by these results we set out to test the performance 
of an oxymercuration reaction in our system. 
 Although our original synthesis did not employ an endocyclic cyclohexene, 
an attractive feature of our Diels-Alder approach is that it allows for the rapid 
synthesis of a variety of cyclohexene products via judicious choice of Wittig 
reagents in synthesizing the diene and dieneophile. We chose to target ketone 
101 for our oxymercuration studies with the hope that the ketone would deliver its 
oxygen across the endo olefin via intermediate 102 to produce tertiary alcohol 
103 (Scheme 3.5). Subjecting previously synthesized alcohol 58 to Swern 
oxidation48 and Wittig olefination with ylide 9766 generated enal 98. The requisite 
diene was assembled via methylene Wittig olefination of aldehyde 98. 
Deprotection of the primary TBS in 99 was achieved with CSA, which gave much 
higher yields than the previously employed NH4F. Oxidation, olefination, and 
Diels-Alder cycloaddition afforded our desired ketone 101 in good yield.  
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Scheme 3.5. Synthesis of Oxymercuration Substrate  
 
 With our desired substrate in hand we began testing a variety of standard 
oxymercuration conditions. Unfortunately all attempts at oxymercuration resulted 
in either no reaction, production of unidentified products, or reaction at the 
oxonene olefin rather than the cyclohexene olefin (Table 3.1). Notably, even 
addition of perchloric acid (entry 2), well known to accelerate oxymercuration of 
unreactive olefins,67 failed to produce any desired product. A solvent switch from 
THF to acetone (entry 4) demonstrated some activity, though 1H NMR spectra 
indicated the disappearance of the oxonene olefin rather than the cyclohexene 
olefin. Use of the more reactive mercury trifluoroacetate also failed to induce 
formation of our desired product. 
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Table 3.1. Oxymercuration Attempts with Endo Olefin 
 Undaunted by our failures in the ketone series, we next explored 
performing an oxymercuration with a tert-butyl ester in place of the ketone. We 
reasoned that by eliminating water from the reaction medium, we could force 
intramolecular delivery of the ester’s carbonyl oxygen across the endo olefin with 
concomitant loss of the tert-butyl group. Again, we employed a slight modification 
of our Wittig olefinations to synthesize our desired tert-butyl ester (Scheme 3.6). 
Oxidation of previously synthesized alcohol 100 followed by olefination with 
Wittig salt 10468 afforded tetraene 105, which underwent a smooth Diels-Alder 
cycloaddition upon heating. Unfortunately, oxymercuration failed to produce any 
of the desired lactone 107. 
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Scheme 3.6. Oxymercuration Attempts with an Ester 
 
 
(ii) Oxymercuration of an Exocyclic Olefin 
 Since kinetic studies have shown that disubstituted terminal olefins react 
faster than trisubstituted olefins in the oxymercuration-demercuration reaction,65b 
we turned our attention to exploring the possibility of synthesizing the appropriate 
exo olefin for further oxymercuration studies. Utilizing the same basic strategy as 
before, we rapidly synthesized exo olefin 111 from enol ether 43 and Wittig salt 
10468 (Scheme 3.7). Again water was excluded from the oxymercuration reaction 
with the hope of delivering oxygen intramolecularly from the carbonyl of the ester 
in 111. However, much to our dismay, lactone 107 was never observed even 
when exo olefin 111 was subjected to heating in DMF.  
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Scheme 3.7. Oxymercuration Attempt with Exo Olefin and Ester 
 
 One final attempt was made at an oxymercuration strategy. We had 
previously tried to use the oxygen of a ketone and of an ester to force delivery of 
oxygen from the top face unsuccessfully. Therefore we decided to attempt an 
oxymercuration with an alcohol in place of the ketone or ester. In order to avoid 
alkoxymercuration and thus formation of a bridged ether compound,69 we would 
need to have a protected alcohol. We therefore chose TIPS protected alcohol 
112 since we had ample quantities of ketone 91 available from our studies 
directed towards sterically blocking the attack of MeLi from the top face. Initial 
attempts at oxymercuration with 112 using mercury acetate failed (Scheme 3.8). 
However, much to our delight, tertiary alcohol 114 was isolated when exo olefin 
112 was subjected to mercury trifluoroacetate in THF/H2O followed by reductive 
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workup. Although the yield was poor and the stereochemistry of the addition was 
unknown at the time, this was our first success in oxygenating the cyclohexane 
ring in the presence of the oxonene olefin. To determine the stereochemistry of  
Scheme 3.8. Successful Oxymercuration of an Exo Olefin 
 
the C11 tertiary alcohol, alcohol 114 was subjected to TBAF to remove both silyl 
protecting groups and oxidized with Dess-Martin reagent33 to afford keto-
aldehyde 115. Addition of the MeLi to both carbonyls and oxidation revealed 
ketone 116. Methylene Wittig of 116 furnished a 1,1-disubstituted olefin 
analogous to the 1,1-disubstituted olefin 40 used in our substrate-controlled 
hydroboration. Unfortunately, mixed NMR experiments performed with the 1,1-
disubstituted olefin synthesized from oxymercuration product 114 and known diol 
40 revealed that the two were in fact the same compound and therefore we still 
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had the undesired stereochemistry at the C11 tertiary alcohol. Quite ironically, 
the oxymercuration reaction had resulted in addition of oxygen to the bottom face 
of the olefin rather than the precedented top face addition observed by Johnson 
and co-workers in polyanthellin A,10 a result we had not anticipated.   
 
(iii) Miscellaneous Strategies to Oxygenate the Six-Membered Ring 
 Having demonstrated that mercury (II) was not an appropriate Lewis acid 
to mediate oxygenation of any of our six-membered ring olefins, we decided to 
employ a variety of other reagents in hopes of installing a C11 tertiary alcohol 
(Scheme 3.9). Whereas olefin 101 failed to give any reaction under iodohydrin 
conditions,70 101 did react with NBS.71 Unfortunately, 1H NMR spectra revealed 
that the oxonene olefin was reacting preferentially over the cyclohexene olefin. 
This reactivity pattern, which was observed once in our oxymercuration studies, 
proved to be very problematic as nearly all further attempts to oxygenate the 
cyclohexene resulted in functionalization of the oxonene ring instead. 
Sulfonyloxylactonization72 of ester 106 gave an unidentified product while 
epoxidation of 101 resulted in epoxidation at the oxonene instead of the 
cyclohexene. To our surprise, even alcohol-directed epoxidation conditions led to 
undesired epoxidation of the oxonene,73 and alcohol-directed dihydroxylation with 
OsO4 also resulted in oxonene reaction.74  
 Determined to get reactivity at the cyclohexene, we were hopeful about 
the potential of a modified Shi epoxidation.75 Whereas the Shi epoxidation 
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employs a fructose-derived ketone catalyst and Oxone to epoxidize alkenes, we 
reasoned that treating ketone 101 with Oxone, in the absence of Shi’s fructose- 
Scheme 3.9. Miscellaneous Attempts at C11 Tertiary Alcohol Synthesis 
 
derived ketone catalyst,75b would produce dioxirane 124 (Scheme 3.10). As long 
as dioxirane formation occurred faster than any direct epoxidation by Oxone, 
then 124 should be formed. At that point, any epoxidation would hopefully be the 
result of an intramolecular reaction at the cyclohexene rather than intermolecular 
oxygen transfer to the oxonene. Unfortunately, the only product observed was 
the result of epoxidation at the oxonene ring.   
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Scheme 3.10. Attempted Dioxirane Epoxidation 
 
 Our last attempt at oxygenating the six-membered ring in the presence of 
the oxonene relied on a clever use of the Sharpless asymmetric 
dihydroxylation.76 The Sharpless dihydroxylation allows one to control syn 
addition of two alcohol groups to form a vicinal diol. A simple mnemonic for the 
selectivity has been derived in which one has to rank the olefin substituents (RS = 
small, RM = medium, and RL= large) and place the large substituent in the 
southwestern corner; to dihydroxylate the bottom face AD-mix α should be used  
 
 
Figure 3.1. Model for Sharpless Asymmetric Dihydroxylation 
while AD-mix β will dihydroxylate the top face (Figure 3.1). We realized that the 
exo olefin in 112 is properly substituted to allow for dihydroxylation from the top 
face using AD-mix β. Although the oxonene is also properly substituted to allow 
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for dihydroxylation from the top face with AD-mix β, prior results in our lab have 
shown that it is extremely difficult to functionalize the oxonene from the top face. 
For example, although the oxonene is readily epoxidized from the bottom face, 
attempts to epoxidize the top face with the Sharpless asymmetric epoxidation 
failed. This suggests that the top π-face of the oxonene is not sterically 
accessible. Frustratingly, attempts to achieve any dihydroxylated material 
resulted in full recovery of starting material (Scheme 3.11). 
Scheme 3.11. Attempted Sharpless Dihydroxylation on Exo Olefin 
 
 
D. Oxonene Protection and Cyclohexene Functionalization Strategy 
 Since nearly all approaches towards a direct oxygenation of the six-
membered ring tended to exhibit reactivity at the oxonene olefin rather than the 
six-membered ring olefin, we next turned our attention to protecting the oxonene 
prior to introducing oxygenation of the six-membered ring. Since bromination of 
alkenes is a well established reaction and there are many methods to convert 
vicinal dibromides into olefins, we chose to protect the oxonene as the vicinal 
dibromide (Scheme 3.12). Treatment of alcohol 121 with pyridinium hydrogen 
bromide perbromide,77 an easily handled solid source of bromine developed by 
Djerassi and co-workers, afforded vicinal dibromide 126 as a single compound. 
Although the stereochemistry of the two newly created stereocenters is unknown, 
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it is ultimately inconsequential as these stereocenters are destroyed upon 
reversion back to the olefin. Epoxidation of the cyclohexene was achieved with 
m-CPBA buffered with KHCO3 to produce cyclohexene oxide 127 as a single 
compound as evidenced by 1H NMR. Although we were unsure of the exact 
stereochemistry at C11 and C12, we hoped to eventually determine this 
information via conversion of 127 to one of our previously prepared compounds 
and compare the spectral and optical rotation data. Although vicinal dibromide 
127 failed to give any reaction upon exposure to zinc dust and acetic acid,70b 
even when the zinc was activated with Knochel’s protocol,78 exposure to highly 
reactive Rieke zinc79 in THF at reflux cleanly removed the bromines and returned 
our oxonene olefin.  
Scheme 3.12. Olefin Protection, Epoxidation, and Deprotection Approach 
 
 With what we believed to be alcohol 128 in hand, we began studies 
directed towards nucleophilic epoxide opening in hopes of unveiling the C11 
tertiary alcohol and also determining the stereochemistry at C11. We were quite 
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surprised to find that reactions of our Rieke zinc product with either 
superhydride80 or Red-Al81 failed to give any reaction, even at reflux (Scheme 
3.13). The only reaction we were able to detect was some functionalization of the 
oxonene with superhydride.82 Even more surprising was the fact that oxidation, 
as well as acetylation, of the primary alcohol of 128 proved to be quite 
problematic as no reaction was observed under standard conditions. Oxidation of 
our Rieke zinc product with Dess-Martin periodinane did produce material of 
lower polarity, however 1H NMR indicated there was no aldehyde produced while 
the IR spectrum showed a carbonyl stretch at 1710 cm-1. This carbonyl stretch is 
too low for an aldehyde. Furthermore, when the Dess-Martin oxidation product 
132 was subjected to a large excess of MeLi, only one methyl was added and it 
appeared as a singlet in the 1H NMR. This data suggested that the MeLi reaction 
had produced a tertiary alcohol from a ketone 132, which implied that our Rieke 
zinc product must be a secondary alcohol, not the primary alcohol 128 we first 
thought.  
 Based on the findings of our chemical studies with our Rieke zinc reaction 
product, we proposed that rather than producing alcohol 128 we were actually 
producing the bridged ether 134 (Scheme 3.14). Unfortunately, no reaction is 
observed between Rieke zinc and vicinal dibromide 127 at room temperature, 
thus prompting reaction at reflux. Importantly, the side product of this reaction is 
ZnBr2 which is a Lewis acid. It is plausible that at reflux the ZnBr2 generated 
during the course of the reaction activates the epoxide for nucleophilic attack 
from the primary alcohol of intermediate 128. The result would be secondary  
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Scheme 3.13. Unexpected Problems with Olefin Deprotection Product 
 
alcohol 134, which explains why oxidation with Dess-Martin produces ketone 132 
and further reaction with MeLi affords tertiary alcohol 133. It also explains why 
attempts at epoxide ring opening with superhydride or Red-Al failed, since there 
was no epoxide to open. Although this course of events was not desired, we 
realized that we may be able to take advantage of this unexpected reactivity. We 
hypothesized that tert-butyl ester 135 could potentially attack the activated 
epoxide during the course of the debromination reaction with concomitant loss of 
the tert-butyl group to produce bridged lactone 136. 
 Unfortunately when tert-butyl ester 106 was subjected to pyridinium 
hydrogen bromide perbromide, the result was allylic bromide 137 wherein the 
oxonene of 106 apparently undergoes bromination followed by elimination 
(Scheme 3.15). Attempts to halt this elimination (lower temperature, shorter 
reaction times, different brominating reagent) were unfruitful. Our last attempt at 
this oxonene protection, epoxidation, deprotection strategy was based on the  
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Scheme 3.14. Unexpected Product of Rieke Zinc Reaction 
 
idea that simply protecting the primary alcohol of 127 would prevent epoxide 
opening during the course of the Rieke zinc reaction. Since we already had 
plenty of TIPS protected alcohol 112 in hand from previous studies, we examined 
its performance in the bromination reaction. Frustratingly, we again observed 
bromination followed by elimination to the allylic bromide 138. 
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Scheme 3.15. Attempted Olefin Protection 
 
 
E. Future Synthetic Strategy for the Total Synthesis of Briarellin J 
 Our current strategy for successfully synthesizing briarellin J is predicated 
again on selective oxygenation of the six-membered ring, but with built-in 
structural features to allow for success (Scheme 3.16). Previous work in the 
Crimmins laboratory on the total synthesis of ophirin B suggests that tetraene 
139 should undergo facile Diels-Alder cycloaddition to give allylic benzyl ether 
140.42 After removal of the benzyl group and conversion of the resultant 
secondary alcohol to a good leaving group, we hope to induce an SN2’ reaction 
thus effecting intramolecular delivery of an oxygen substituent to C11. Although 
this general strategy is similar to our previous oxymercuration efforts, the current 
plan relies on the demonstrated inherent reactivity of an allylic acetate rather 
than on using exogenous electrophiles to activate an endo olefin. 
 Following successful lactonization to 107, formation of the Weinreb 
amide83 and deprotection of the TBS ether should provide alcohol 142. Oxidation 
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of the secondary alcohol to a ketone followed by treatment with MeLi should 
install the C3 tertiary alcohol as well as a methyl ketone from the Weinreb amide. 
Selective reduction of the cyclohexene in the presence of the oxonene will be 
achieved via a Crabtree84 reduction wherein the alcohol at C11 directs 
hydrogenation to occur on the six-membered ring. Methylene Wittig of methyl 
ketone 143, hydroboration to install the C15 stereocenter, and oxidative 
lactonization will result in tetracycle 144. Lastly, acetylation of the free tertiary 
alcohol is predicted to occur smoothly to furnish briarellin J. 
Scheme 3.16. Future Approach to Revised Briarellin J 
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CHAPTER 4 
 
EXPERIMENTAL 
 
A. Materials and Methods  
Infrared (IR) spectra were obtained using a Jasco 460 Plus Fourier 
transform infrared spectrometer. Nuclear magnetic resonance (1H, 13C, COSY, 
NOESY) spectra were recorded on Bruker model DRX 300 (1H at 300 MHz; 13C 
at 75 MHz), Bruker model DRX 400 (1H at 400 MHz; 13C at 100 MHz) and Bruker 
model DRX 500 (1H at 500 MHz; 13C at 125 MHz) instruments. Chemical shifts 
are reported relative to chloroform (δ 7.26), benzene (δ 7.15), or dimethyl 
sulfoxide (δ 2.50) for 1H NMR spectra and chloroform (δ 77.23), benzene (δ 
128.0), or dimethyl sulfoxide (δ 39.5) for 13C NMR spectra. 1H NMR data are 
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, 
q = quartet, m = multiplet), coupling constant (Hz), and integration. Optical 
rotations were determined using a Jasco P1010 polarimeter, and concentrations 
are reported in g/100mL. Mass spectra were obtained using a Bruker BioTOF II 
mass spectrometer with electrospray ionization (ESI). Thin layer chromatography 
(TLC) was conducted on silica gel F254 TLC plates purchased from EMD 
Chemicals Inc. Visualization was accomplished with UV light and/or aqueous 
ceric ammonium molybdate solution followed by heating unless otherwise noted. 
Flash column chromatography was carrier out using Ultra Pure Silica Gel Silia-P 
(40 to 63 µm) purchased from SiliCycle Inc. Dichloromethane (CH2Cl2), diethyl 
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ether (Et2O), tetrahydrofuran (THF), and toluene (PhCH3) were dried by passage 
through a column of neutral alumina under argon immediately prior to use. All 
alkylamines, 2,6-lutidine, pyridine, 1,8-diazabicyclo-[5.4.0]-undecene-7 (DBU), 
benzene, and acetonitrile (CH3CN) were distilled from calcium hydride 
immediately prior to use. Anhydrous N,N-dimethylformamide (DMF) was 
purchased from Aldrich chemical company in 1L Sure/SealTM bottles. Dess-
Martin periodinane was prepared according to literature procedures and stored at 
-20 oC. All other reagents and solvents were used as received from the 
manufacturer. All air and water sensitive reactions were performed in flasks 
flame dried under positive flow of argon and conducted under an argon 
atmosphere. Yield refers to yield of analytically pure material unless otherwise 
noted.  
 
B. Procedures 
 
Alcohol 48:  Into a flask equipped with a reflux condenser and an addition funnel 
was added freshly group magnesium turnings (3.19 g, 131.3 mmol). The flask 
and its contents were flame dried under argon. THF (30 mL) was added along 
with one crystal of iodine. 2-bromopropene (11.1 mL, 125 mmol) was added in 
THF (50 mL) to the addition funnel, and several drops of the 2-bromopropene 
solution were added to the reaction flask via the addition funnel. The reaction 
solution was stirred and warmed to reflux with a heat gun until the solution 
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changed from brown to colorless. The 2-bromopropene solution was diluted 
further with THF (100 mL), and the solution was added dropwise to the reaction 
flask at a rate sufficient enough to maintain reflux. Following complete addition, 
the addition funnel was rinsed with THF (15 mL), and the reaction solution was 
stirred vigorously for 2 h. 
 Into a flask equipped with an addition funnel and a low-temperature 
thermometer was added cuprous iodide (950 mg, 5 mmol) and THF (100 mL). 
The solution was cooled to -40 oC. The solution of 2-propenylmagnesium 
bromide was transferred via cannula to the addition funnel and added dropwise 
to give a yellow solution. The addition funnel was rinsed with THF (25 mL). (R)-
benzylglycidyl ether  (7.62 mL, 50.0 mmol) was added to the addition funnel with 
THF (50 mL). The epoxide was added dropwise followed by a THF rinse (10 mL), 
and the reaction solution was stirred for 1 h, keeping the temperature between -
40 oC and -30 oC. The reaction was quenched by the addition of saturated NH4Cl 
(250 mL) and warmed to room temperature. The resultant mixture was filtered 
through Celite® yielding a blue solution. The layers were separated, and the 
organic layer was washed with brine (500 mL). The aqueous portions were 
extracted with EtOAc (2 x 500 mL). The combined organic layers were dried over 
Na2SO4, filtered, and concentrated. Purification by column chromatography (25% 
EtOAc/Hexanes) afforded alcohol 48 (10.20 g, 49.5 mmol) as a colorless oil in 
99% yield. 1H NMR (300 MHz, CDCl3) δ 1.77 (s, 3H), 2.19 (s, 3H), 2.21 (d, J = 
2.1 Hz, 1H), 3.38 (dd, J = 7.2, 9.6 Hz, 1H), 3.53 (dd, J = 3.3, 9.6 Hz, 1H), 4.01 
(m, 1H), 4.57 (s, 2H), 4.79 (s, 1H), 4.85 (s, 1H), 7.28-7.37 (m, 5H).  
  67 
 
 
Carboxylic Acid 50: Into a flask equipped with an addition funnel was added 
sodium hydride (60% dispersion in mineral oil, 6.20 g, 155 mmol). The sodium 
hydride was washed with pentane three times, diluted in THF (25 mL), and 
cooled to 0 oC. Bromoacetic acid (10.6 g, 76.3 mmol) was added to the addition 
funnel in THF (25 mL) and added dropwise to the reaction flask. The reaction 
was warmed to room temperature and stirred for 1 h. The reaction flask was 
again cooled to 0 oC, and alcohol 48 (10.20 g, 49.5 mmol) was added to the 
addition funnel in DMF (50 mL). The solution of alcohol was added to the 
reaction flask dropwise. Following addition, the reaction was warmed to room 
temperature and allowed to stir overnight. The reaction was quenched with 
saturated NH4Cl (50 mL) and diluted with Et2O (50 mL). The solution was 
acidified to pH 3-4 by the addition of 10% H2SO4, and the layers were separated. 
The aqueous layer was extracted further with Et2O (3 x 50 mL). The combined 
organic layers were dried over Na2SO4, filtered, and concentrated. Purification by 
column chromatography (25% EtOAc/Hexanes → 50% EtOAc/Hexanes → neat 
EtOAc) afforded carboxylic acid 50 (12.24 g, 46.3 mmol) as a light yellow oil in 
94% yield. [α]25D = -25.0 (c = 1.30, CH2Cl2); IR (film) 3483 (br), 3201 (br), 2917, 
1733 (str), 1454, 1364, 1205, 1129 cm -1; 1H NMR (400 MHz, CDCl3) δ 1.75 (s, 
3H), 2.13 (dd, J = 6.0, 14.0 Hz, 1H), 2.27 (dd, J = 7.1, 14.0 Hz, 1H), 3.48 (dd, J = 
O
BnO
O
HO
50
  68 
8.5, 10.0 Hz, 1H), 3.54 (dd, J = 2.9, 10.1 Hz, 1H), 3.71 (m, 1H), 4.10 (d, J = 17.3 
Hz, 1H), 4.28 (d, J = 17.3 Hz, 1H), 4.59 (d, J = 12.0 H, 1H), 4.61 (d, J = 12.0 Hz, 
1H), 4.77 (d, J = 0.8 Hz, 1H), 4.85 (dd, J = 1.6, 1.6 Hz, 1H), 7.29-7.30 (m, 5H); 
13C NMR (100 MHz, CDCl3) δ 22.6, 40.0, 68.2, 72.2, 73.6, 79.6, 114.3, 127.9, 
128.1, 128.6, 136.7, 14.0.8, 172.2; MS (ESI+) for C15H21O4 [M+H]+ calc 265.14 
found 265.2.  
 
 
 
Glycolate 45: A flask was charged with carboxylic acid 50 (13.50 g, 50 mmol), 
(4S)-4-benzyl-1,3-oxazolidine-2-thione (13.5 g, 69.8 mmol), and CH2Cl2 (48 mL). 
The solution was cooled to 0 oC. Dicyclohexylcarbodiimide (10.5 g, 50.8 mmol), 
4-dimethylaminopyridine (422 mg, 3.45 mmol), and CH2Cl2 (10 mL) were added, 
and the mixture was warmed to room temperature. The yellow solution was 
stirred for 4h, then cooled to 0 oC, and filtered. The filtrate was transferred to a 
separatory funnel and washed with saturated NaHCO3 (30 mL). The aqueous 
layer was extracted with CH2Cl2 (2 x 50 mL). The combined organic layers were 
dried over Na2SO4, filtered, and concentrated. Purification by column 
chromatography (25% EtOAc/Hexanes → 50% EtOAc/Hexanes) afforded 
glycolate 45 (20.8 g, 47.3 mmol) as a thick yellow-orange oil in 95% yield. [α]22D 
= +93 (c = 0.26, CH2Cl2); IR (film) 2924, 1712 (str), 1361, 1324, 1206, 1124 cm-1; 
O
BnO
O N
S O
Bn
45
  69 
1H NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 2.31 (dd, J = 6.7, 14.1 Hz, 1H), 2.44 
(dd, J = 6.8, 14.3 Hz, 1H), 2.64 (dd, J = 10.2, 13.3 Hz, 1H), 3.26 (dd, J = 3.2, 
13.3 Hz, 1H), 3.64 (m, 2H), 3.93 (m, 1H), 4.23 (dd, J = 7.7, 7.7 Hz, 1H), 4.31 (dd, 
J = 2.4, 9.3 Hz, 1H), 4.54 (s, 2H), 4.79 (s, 1H), 4.83-4.90 (m, 1H), 4.83 (s, 1H), 
5.23 (d, J = 18.3 Hz, 1H), 5.34 (d, J = 18.3 Hz, 1H), 7.17-7.36 (m, 10 H); 13C 
NMR (100 MHz, CDCl3) δ 22.8, 37.3, 40.3, 59.8, 71.2, 71.9, 73.3, 73.5, 77.7, 
113.1, 127.4, 127.5, 127.6, 128.4, 129.0, 129.4, 135.1, 138.1, 142.1, 171.4, 
184.7; MS (ESI+) for C25H30NO4Si [M+H]+ calc 440.18 found 440.3.  
 
 
 
 
Hex-5-ene-1,2-diol: Into a flask equipped with a mechanical stirrer, an addition 
funnel, and a low temperature thermometer was added allylmagnesium chloride 
(1.7 M in THF, 650 mL, 1.105 mol) and THF (200 mL). The solution was cooled 
to -20 oC. Glycidol (25.0  mL, 380 mmol) in THF (100 mL) was added dropwise 
via addition funnel keeping the temperature at -20 oC. The reaction was stirred 
for 1 h at -20 oC and then quenched with saturated NH4Cl (500 mL). The layers 
were separated. The aqueous layer was extracted further with EtOAc (2 x 500). 
The combined organic extracts were washed with brine, dried over Na2SO4, 
filtered, and concentrated. Purification by column chromatography (25% 
EtOAc/Hexanes → neat EtOAc) provided hex-5-ene-1,2-diol (35.1 g, 302 mmol) 
as a colorless oil in 79% yield. 1H NMR (300 MHz, CDCl3) δ 1.52-1.61 (m, 2H), 
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1.92 (dd, J = 5.7, 5.7 Hz, 1H), 2.11 (d, J = 3.9 Hz, 1H), 2.16-2.25 (m, 2H), 3.42-
3.50 (m, 1H), 3.63-3.70 (m, 1H), 3.70-3.77 (m, 1H), 4.98 (dd, J = 1.5, 10.2 Hz, 
1H), 5.05 (dd, J = 1.5, 17.1 Hz, 1H), 5.79-5.88 (m, 1H).  
 
 
 
 
4-Pentenal: A flask was charged with hex-5-ene-1,2-diol (40.0 g, 344 mmol), 
CH2Cl2 (480 mL), and H2O (480 mL). Sodium periodate (147.5 g, 690 mmol) was 
added to the biphasic solution, and the reaction was stirred vigorously for 1 h. 
The reaction was quenched with saturated NaHCO3 (400 mL) (caution, gas 
evolution!). The layers were separated. The organic layer was washed with 10% 
Na2S2O3 (2 x 300 mL), dried over Na2SO4, and filtered. The filtrated volume was 
reduced to about 100 mL in vacuo at 0 oC. Purification via distillation (bp: 96 oC, 
760 mm Hg) afforded 51.7 g of a colorless 4-pentenal solution that was 33.5% by 
weight (calculated by 1H NMR, 17.25 g 4-pentenal, 205 mmol) 4-pentenal in 
CH2Cl2. The solution was used as is in the following reaction. 1H NMR (300 MHz, 
CDCl3) δ 2.41 (dd, J = 6.9, 6.9 Hz, 1H), 2.55 (dd, J = 7.2, 7.2 Hz, 2 H), 5.00-5.10 
(m, 2H), 5.82 (m, 1H), 9.79 (s, 1H). 
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Glycolate Aldol Adduct 54: Into a flask equipped with an addition funnel was 
added glycolate 45 (16.0 g, 36.0 mmol) and CH2Cl2 (250 mL). The solution was 
cooled to -78 oC. Titanium tetrachloride (4.20 mL, 38.0 mmol) was added 
dropwise via the addition funnel. The solution was stirred 10 minutes at -78 oC, 
and N,N-diisopropylethylamine (16.0 mL, 91.8 mmol) was added dropwise to 
give a dark purple solution which was stirred at -78 oC for 2.5 h. N-
methylpyrrolidinone (3.7 mL, 38 mmol) was added to the solution and stirred for 
10 minutes. 4-pentenal (17.25 g, 205 mmol) was added dropwise as a 33.5% by 
weight solution in CH2Cl2. The reaction was stirred at -78 oC for 2.5 h and then 
warmed to -40 oC and stirred for 1 h. The reaction was quenched with half 
saturated NH4Cl (125 mL) and warmed to room temperature. The layers were 
separated. The aqueous layer was further extracted with CH2Cl2 (2 x 200 mL). 
The combined organic layers were dried over Na2SO4, filtered, and concentrated. 
Purification by column chromatography (20% EtOAc/Hexanes → 50% 
EtOAc/Hexanes) provided glycolate aldol adduct 54 (14.5 g, 27.7 mmol) as a 
yellow oil in 77% yield. [α]23D = +25 (c = 0.43, CH2Cl2); IR (film) 3458 (br), 2924, 
1712 (str), 1446, 1361, 1324, 1206, 1128 cm-1; 1H NMR (400 MHz, CDCl3) δ 
1.67-1.78 (m, 2H), 1.80 (s, 3H), 2.01 (dd, J = 11.1, 13.2 Hz, 1H), 2.15 (ddd, J = 
7.1, 7.1, 14.9 Hz, 1H), 2.20-2.36 (m, 3H), 2.41 (dd, J = 7.9, 14.0 Hz, 1H), 3.20 
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(dd, J = 2.8, 13.3 Hz, 1H), 3.51 (dd, J = 2.7, 10.3 Hz, 1H), 3.68 (dd, J = 7.6, 10.3 
Hz, 1H), 3.92-4.01 (m, 2H), 4.14 (dd, J = 2.1, 9.4 Hz, 1H), 4.19 (ddd, J = 9.3, 9.3, 
9.3 Hz, 1H), 4.47 (d, J = 12.3 Hz, 1H), 4.53 (d, J = 12.3 Hz, 1H), 4.77 (m, 1H), 
4.84 (s, 1H), 4.86 (s, 1H), 4.98 (d, J = 10.2 Hz, 1H), 5.05 (dd, J = 1.5, 17.2 Hz, 
1H), 5.83 (dddd, J = 3.6, 3.6, 10.3, 17.0 Hz, 1H), 6.34 (d, J = 2.0 Hz, 1H), 7.08-
7.35 (m, 10H); 13C NMR (100 MHz, CDCl3) δ 22.6, 29.9, 33.2, 36.7, 40.7, 60.9, 
70.6, 72.5, 73.1, 74.2, 78.7, 80.8, 114.0, 114.9, 127.22, 127.24, 127.5, 128.4, 
128.9, 129.3, 135.6, 138.0, 138.1, 141.6, 172.2, 185.2; MS (ESI+) [M+H]+ for 
C30H38NO5Si calc 524.24 found 524.3.  
 
 
 
Diol 55: Into a flask equipped with an addition funnel was added glycolate aldol 
adduct 54 (14.48 g, 27.6 mmol) and Et2O (260 mL). Methanol (2.25 mL, 55.5 
mmol) was added, and the solution was cooled to 0 oC. Lithium borohydride 
(2.0M in Et2O, 27.6 mL, 55.2 mmol) was added dropwise via addition funnel, and 
the solution was stirred for 1 h at 0 oC. The reaction was quenched with 1M 
NaOH (265 mL, 265 mmol), and the mixture stirred 20 minutes at room 
temperature. The layers were separated. The aqueous layer was extracted 
further with Et2O (2 x 200 mL). The combined organic layers were dried over 
Na2SO4, filtered, and concentrated. Purification by column chromatography (30% 
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EtOAc/Hexanes → 50% EtOAc/Hexanes) provided diol 55 (8.72 g, 26.1 mmol) 
as a colorless oil in 95% yield). [α]24D = -11 (c = 0.32, CH2Cl2); IR (film) 3436 (br), 
2921, 1641, 1454, 1092 cm-1; 1H NMR (400 MHz, CDCl3) δ 1.51-1.60 (m, 2H), 
1.75 (s, 3H), 2.08-2.19 (m, 2H), 2.26 (ddd, J = 7.8, 7.8, 14.4 Hz, 1H), 2.36 (dd, J 
= 6.5, 14.0 Hz, 1H), 2.72 (br s, 1H), 3.32 (m, 1H), 3.47 (dd, J = 7.9, 10.0 Hz, 1H), 
3.56-3.61 (m, 3H), 3.75 (br s, 1H), 3.77 (br s, 1H), 3.90 (dddd, J = 2.6, 7.0, 7.0, 
7.0 Hz, 1H), 4.56 (s, 2H), 4.77 (s, 1H), 4.84 (s, 1H), 4.96 (ddd, J = 0.7, 1.9, 10.2 
Hz, 1H), 5.03 (ddd, J = 1.6, 3.5, 17.1 Hz, 1H), 5.82 (dddd, J = 6.7, 6.7, 10.2, 16.9 
Hz, 1H), 7.29-7.38 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 22.7, 29.8, 32.5, 41.2, 
62.7, 71.2, 72.9, 73.6, 76.7, 83.0, 114.0, 114.8, 127.9, 128.1, 128.6, 137.1, 
138.3, 141.7; MS (ESI+) for C20H30O4 [M+Na]+ calc 357.20 found 357.3. 
 
 
 
Diene 44: A flask was charged with diol 55  (11.96 g, 35.76 mmol) and DMF (140 
mL). Imidazole (18.26 g, 268.2 mmol) and 4-dimethylaminopyridine (437 mg, 
3.58) were added to the solution followed by tert-butyldimethylsilyl chloride 
(13.48 g, 89.40 mmol). The solution was warmed to 50 oC and stirred overnight. 
The reaction was quenched with saturated NH4Cl (25 mL), cooled to room 
temperature, and diluted with Et2O (75 mL). The layers were separated, and the 
aqueous layer was extracted further with Et2O (3 x 50 mL). The combined 
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organic extracts were washed with brine (50 mL), dried over Na2SO4, filtered, 
and concentrated. Purification by column chromatography (1% EtOAc/Hexanes) 
provided diene 44 (17.42 g, 30.9 mmol) as a colorless oil in 86% yield. [α]24D = 
+35.7 (c = 1.24, CH2Cl2); IR (film) 2929, 1463, 1255, 1095 cm-1; 1H NMR (400 
MHz, CDCl3) δ 0.07 (s, 3H), 0.08 (s, 3H), 0.107 (s, 3H), 0.112 (s, 3H), 0.93 (s, 
9H), 0.95 (s, 9H), 1.29 (dddd, J = 5.0, 9.9, 9.9, 14.7 Hz, 1H), 1.74-1.82 (m, 1H), 
1.82 (s, 3H), 1.98 (m, 1H), 2.18-2.28 (m, 1H), 2.24 (dd, J = 7.9, 13.8 Hz, 1H), 
2.39 (dd, J = 4.6, 13.8 Hz, 1H), 3.45 (dd, J = 6.2, 9.7 Hz, 1H), 3.45-3.50 (m, 1H), 
3.61 (dd, J = 7.9, 10.6 Hz, 1H), 3.69 (dd, J = 4.6, 9.8 Hz, 1H), 3.70-3.75 (m, 1H), 
3.82-3.88 (m, 1H), 3.89 (dd, J = 2.2, 10.6 Hz, 1H), 4.59 (s, 2H), 4.82 (s, 1H), 4.85 
(m, 1H), 4.98 (dd, J = 1.9, 10.2 Hz, 1H), 5.05 (ddd, J = 1.5, 3.3, 17.0 Hz, 1H), 
5.85 (dddd, J = 6.6, 6.6, 10.2, 16.9 Hz, 1H), 7.27-7.37 (m, 5H); 13C NMR (100 
MHz, CDCl3) δ -5.5, -5.3, -4.6, -4.3, 18.0, 18.2, 23.0, 25.8, 25.86, 25.92, 25.93, 
30.6, 30.9, 41.4, 62.8, 71.9, 72.7, 73.2, 77.2, 83.3, 113.0, 114.3, 127.4, 127.5, 
128.2, 138.6, 138.8, 142.6; MS (ESI+) for C32H58O4Si [M+Na]+calc 585.38 found 
585.5. 
 
 
 
Oxonene 57: Into a flask equipped with a reflux condenser was added diene 44 
(14.04 g, 24.9 mmol), and CH2Cl2 (2.6 L). The solution was degassed by heating 
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to reflux for 30 min under a positive flow of argon. Grubbs second generation 
catalyst (1.03 g, 1.21 mmol) was added, and the solution was refluxed for 3 h. 
The solution was cooled to room temperature and concentrated. Purification by 
column chromatography (2.5 % EtOAc/Hexanes) afforded oxonene 57  (13.23 g 
24.8 mmol) as a colorless oil in 99% yield. [α]24D = +33.6 (c = 1.16, CH2Cl2); IR 
(film) 2928, 1471, 1254, 1089 cm-1; 1H NMR (400 MHz, CDCl3) δ 0.02 (s, 3H), 
0.03 (s, 9H), 0.88 (s, 9H), 0.89 (s, 9H), 1.42 (dddd, J = 3.9, 3.9, 13.5, 13.5 Hz, 
1H), 1.73 (m, 1H), 1.79 (s, 3H), 1.86 (m, 1H), 1.98 (d, J = 14.0 Hz, 1H), 2.44 (dd, 
J = 7.9, 14.2 Hz, 1H), 2.81 (dddd, J = 4.4, 13.2, 13.2, 13.2 Hz, 1H), 3.29-3.35 (m, 
2H), 3.38 (m, 1H), 3.54 (dd, J = 8.9, 13.6 Hz, 1H), 3.67 (dd, J = 8.5, 11.0 Hz, 1H), 
3.92 (dd, J = 2.4, 11.1 Hz, 1H), 3.96 (m, 1H), 4.56 (s, 2H), 5.34 (dd, J = 5.3, 11.4 
Hz, 1H), 7.27-7.37 (m, 5H); 13C NMR (100 MHz, CDCl3) δ -5.2, -5.1, -4.8, 18.1, 
18.3, 25.3, 25.8, 25.9, 26.0, 26.1, 32.2, 36.1, 61.8, 67.7, 73.0, 73.4, 77.9, 84.3, 
126.1, 127.5, 127.6, 128.3, 134.7, 138.4; MS (ESI+) for C30H54O4Si2 [M+Na]+ 
calc 557.35 found 557.4. 
 
 
 
Primary alcohol 58: Into a flask equipped with a cold finger condenser was 
added oxonene 57 (10.84 g, 20 mmol) and THF (560 mL). The flask was cooled 
to -78 oC, and ammonia (280 mL) was condensed into the flask. Freshly cut 
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sodium metal (10.0 g, 434 mmol) was added to the solution yielding a bronze 
color. The reaction was stirred for 20 min at -78 oC and the quenched with 
saturated NH4Cl (250 mL). The ammonia was allowed to fully evaporate at room 
temperature, and the layers were separated. The aqueous layer was extracted 
with Et2O (2 x 400 mL). The combined organic extracts were dried over Na2SO4, 
filtered, and concentrated. Purification by column chromatography (5% 
EtOAc/Hexanes → 10% EtOAc/Hexanes) afforded primary alcohol 58 (8.86 g, 
19.9 mmol) as a colorless oil in 99% yield). [α]24D = +26.9 (c = 2.44, CH2Cl2); IR 
(film) 3477 (br), 2929, 1463, 1255, 1089 cm-1; 1H NMR (400 MHz, CDCl3) δ 0.01 
(s, 3H), 0.02 (s, 3H), 0.09 (s, 3H), 0.10 (s, 3H), 0.86 (s, 9H), 0.91 (s, 9H), 1.49 (d, 
J = 10.6 Hz, 1H), 1.70 (dddd, J = 2.0, 5.3, 13.8, 13.8 Hz, 1H), 1.78 (s, 3H), 1.90 
(m, 1H), 2.39 (dd, J = 9.9, 14.1 Hz, 1H), 2.77 (dddd, J = 5.4, 13.0, 13.0, 13.0 Hz, 
1H), 3.33 (m, 1H), 3.44-3.52 (m, 2H), 3.59 (m, 1H), 3.73 (dd, J = 10.0, 10.0 Hz, 
1H), 3.88 (ddd, J = 3.5, 3.5, 6.6 Hz, 1H), 3.97 (ddd, J = 3.2, 3.2, 8.8 Hz, 1H), 4.01 
(dd, J = 2.1, 10.5 Hz, 1H), 5.35 (dd, J = 5.3, 11.8 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ -5.5, -5.3, -5.0, -4.9, 18.0, 18.5, 25.6, 25.78, 25.79, 26.0, 31.6, 35.0, 
62.5, 67.7, 68.0, 81.2, 85.8, 125.9, 133.9; MS (ESI+) for C23H48O4Si2 [M+Na]+ 
calc 467.30 found 467.4. 
 
 
 
Methyl 2-methoxy-2-(triphenylphosphonium)acetate chloride: Prepared via a 
modification of literature procedure49 as follows:  
OMeMeO2C
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To a flask equipped with a reflux condenser was added PCl5 (15.6 g, 75 
mmol). Methyl dimethoxyacetate (8.3 mL, 67.6 mmol) was added neat and 
dropwise via syringe (caution, exothermic and gas evolution!). The resulting clear 
and homogeneous solution was warmed to 140 oC for 1.5 h. The reaction was 
cooled, and the reflux condenser was exchanged for a short path distillation 
condenser. Purification via distillation (60 oC, 0.1 mm Hg) afforded methyl-2-
chloro-2-methoxyacetate (caution, lachrymator!) as an oil. The product was used 
immediately in the following reaction. 
A flask was charged with the methyl-2-chloro-2-methoxy-acetate obtained 
above, CH2Cl2 (20 mL), and Ph3P (17.7 g, 67.5 mmol). The reaction was stirred 
overnight at room temperature to provide a yellow solution. The reaction was 
concentrated to a thick oil which was triturated with Et2O (50 mL). The Et2O was 
discarded, and the resultant yellow taffy-like material was washed thoroughly 
with Et2O (5 x 50 mL). The material was dried under full vacuum to produce a 
foamy solid. The foam was crushed with a spatula and dried again under full 
vacuum for 24 h to provide the Wittig salt  (23.0 g, 57.4 mmol) as a light yellow 
solid in 85% yield over two steps. 1H NMR (300 MHz, CDCl3) δ 3.58 (s, 3H), 3.89 
(s, 3H), 7.60-7.98 (m, 15H), 8.48 (d, J = 13.4 Hz, 1H).  
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Unsaturated Ester 63:  A flask was charged with oxalyl chloride (2.0 M in 
CH2Cl2, 8.10 mL, 16.2 mmol) and CH2Cl2 (40 mL) and cooled to -78 oC. 
Dimethylsulfoxide (1.83 mL, 25.7 mmol) in CH2Cl2 (11 mL) was added dropwise, 
and the solution was stirred 10 minutes. The primary alcohol 58 (4.78 g, 10.7 
mmol) in CH2Cl2 (40 mL) was added dropwise to the mixture and allowed to stir 
30 minutes at -78 oC. Triethylamine (9.0 mL, 64.5 mmol) was added dropwise 
and stirred 10 minutes at -78 oC, followed by stirring 1 h at 0 oC. The reaction 
was quenched by the addition of saturated NaHCO3 (40 mL). The layers were 
separated and the aqueous phase extracted with CH2Cl2 (2 x 40 mL). The 
combined organic layers were dried over Na2SO4, filtered, and concentrated. The 
crude aldehyde 61 was used immediately without purification in the following 
olefination reaction. 
DBU (8.0 mL, 53 mmol) was added neat to a solution of methyl 2-
methoxy-2-(triphenylphosphonium)acetate chloride (22.6 g, 56 mmol) in CH3CN 
(20 mL). The solution was stirred for 30 min at room temperature and then 
treated with crude aldehyde 61 in CH3CN (20 mL). The resulting solution was 
heated at reflux for 18 h and then concentrated. Purification by column 
chromatography (2.5% Et2O/Hexanes → 5% Et2O/Hexanes) afforded 
unsaturated ester 63 (4.26 g, 8.05 mmol) as a thick yellow oil in 75% yield over 
O
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two steps. [α]25D= -10.17 (c = .08, CHCl3); IR (film) 2929, 1731 (str), 1647, 1251, 
1089 cm-1; 1H NMR (400 MHz, CDCl3) δ 0.03 (s, 6H), 0.04 (s, 6H), 0.87 (s, 9H), 
0.88 (s, 9H), 1.44 (m, 1H), 1.67-1.77 (m, 2H), 1.81 (s, 3H), 1.83-1.88 (m, 1H), 
2.70 (dd, J = 9.6, 14.0 Hz, 1H), 2.82 (app dq, J = 4.4, 13.6, 13.6, 13.6 Hz, 1H), 
3.35 (m, 1H), 3.52-3.67 (m, 1H), 3.69 (s, 3H), 3.76 (s, 3H), 3.90 (d, J = 11.2 Hz, 
1H), 3.97 (dt, J = 3.6, 3.6, 10.8 Hz, 1H), 4.17 (t, J = 8.8, 8.8 Hz, 1H), 5.36 (dd, J = 
4.4, 10.8 Hz, 1H), 6.31 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ -5.2, -
5.0, -4.9, 18.1, 18.2, 25.5, 25.8, 25.9, 26.1, 32.5, 39.4, 51.8, 59.9, 61.6, 67.9, 
74.0, 83.9, 126.4, 130.0, 134.2, 144.2, 163.9; MS (ESI+) for C27H52O6Si2 [M+Na]+ 
calc 551.320 found 551.318. 
 
 
 
Triene 64: A flask was charged with unsaturated ester 63 (3.15 g, 5.96 mmol) 
and CH2Cl2 (35 mL) and cooled to -78 oC. Diisobutylaluminum hydride (1M in 
hexane, 24.0 mL, 24.0 mmol) was added dropwise and stirred for 1 h. The 
reaction was quenched with saturated sodium potassium tartrate (40 mL), diluted 
with Et2O (40 mL) and stirred vigorously for 1 hr until the solution became 
biphasic. The resulting solution was poured into a separatory funnel and 
extracted with CH2Cl2 (3 x 50 mL). The combined organic layers were dried over 
O
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Na2SO4, filtered, and concentrated to give the crude unsaturated alcohol as a 
thick yellow oil which was used without purification immediately in the following 
oxidation. 
 A flask was charged with the crude alcohol obtained above, benzene (40 
mL), MnO2 (14.5 g, 166 mmol), and heated at reflux for 1 h. The black mixture 
was passed through a pad of Celite and concentrated to reveal the crude 
unsaturated aldehyde as a yellow oil. The crude aldehyde was used without 
purification immediately in the following olefination reaction.  
 A flask was charged with Ph3PCH3Br (11.0 g, 30.8 mmol), THF (20 mL), 
and KOtBu (1M in THF, 24.0 mL, 24.0 mmol). The resulting bright yellow solution 
was stirred at room temperature for 30 minutes and then cooled to 0 oC. The 
crude unsaturated aldehyde obtained above was then added dropwise in THF 
(10 mL). The reaction was stirred for 30 minutes at 0 oC and then quenched with 
saturated NH4Cl (30 mL). The resulting solution was poured into a separatory 
funnel and extracted with Et2O (3 x 50 mL). The combined organic layers were 
dried over Na2SO4, filtered, and concentrated. Purification by column 
chromatography  (5% EtOAc/Hexanes) afforded triene 64 (2.21 g, 4.45 mmol) as 
a yellow oil in 75% yield. [α]25D = -11.9 (c = 0.65, CHCl3); IR (film) 2929, 1603, 
1471, 1253, 1088 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.045 (s, 3H), 0.05 (s, 3H), 
0.06 (s, 3H), 0.08 (s, 3H), 0.89 (s, 9H), 0.90 (s, 9H), 1.42-1.47 (m, 1H), 1.70-1.79 
(m, 2H), 1.80 (s, 3H), 1.83-1.89 (m, 1H), 2.72 (dd, J = 9.5, 13.5 Hz, 1H), 2.84 
(app dq, J = 4.5, 13.5, 13.5, 13.5 Hz, 1H), 3.40 (dd, J = 4.5, 7.0 Hz, 1H), 3.63 (s, 
3H), 3.67 (dd, J = 8.5, 11.0 Hz, 1H), 3.94 (dd, J = 1.5, 11.0 Hz, 1H), 4.01 (dt, J = 
  81 
3.5, 3.5, 11.0 Hz, 1H), 4.17 (t, J = 9.2, 9.2 Hz, 1H), 5.14 (d, J = 10.8 Hz, 1H), 
5.18 (d, J = 8.7 Hz, 1H), 5.35 (dd, J = 5.0, 11.5 Hz, 1H), 5.41 (d, J = 17.3 Hz, 
1H), 6.04 (dd, J = 10.8, 17.3 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ -5.1, -5.0, -
4.9, 18.2, 18.3, 25.5, 25.8, 25.9, 26.4, 32.3, 40.0, 59.7, 61.7, 67.8, 74.0, 83.5, 
114.6, 121.5, 126.0, 131.9, 134.7, 152.9; MS (ESI+) for C27H52O4Si2 [M+H]+ calc 
497.34 found 497.35. 
 
 
 
Alcohol 43: A flask was charged with triene 64 (2.21 g, 4.45 mmol), MeOH (24 
mL), and NH4F (3.30 g, 89 mmol) and stirred overnight. The reaction was 
quenched with saturated aqueous NaHCO3 (15 mL), and the aqueous phase was 
extracted with Et2O (3 x 30 mL). Several drops of NEt3 were added to the 
combined organic layers to retard any enol ether hydrolysis. The combined 
organic layers were dried over Na2SO4, filtered, and concentrated. Purification by 
column chromatography (5% EtOAc/Hexanes spiked with 1% NEt3 → 10% 
EtOAc/Hexanes spiked with 1% NEt3) afforded alcohol 43 (1.20 g, 3.14 mmol) as 
a light yellow oil in 70% yield. [α]22D = -16.48 (c = 2.95, CHCl3); IR (film) 3502 
(br), 2929, 1650, 1602, 1446, 1252, 1078 cm-1; 1H NMR (400 MHz, CDCl3) δ 0.05 
(s, 3H), 0.06 (s, 3H), 0.87 (s, 9H), 1.47 (m, 1H), 1.70 (d, J = 14.4 Hz, 1H), 1.81 
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(s, 3H), 1.83-1.92 (m, 2H), 2.38 (dd, J = 4.0, 7.6 Hz, 1H), 2.63 (dd, J = 9.6, 14.4 
Hz, 1H), 2.72 (app dq, J = 4.4, 12.8, 12.8, 12.8 Hz, 1H), 3.53 (m, 1H), 3.60-3.66 
(m, 4H), 3.81 (m, 1H), 4.10 (dt, J = 4.4, 4.4, 11.6 Hz, 1H), 4.18 (t, J = 9.2, 9.2 Hz, 
1H), 5.06 (d, J = 8.8 Hz, 1H), 5.16 (dd, J = 1.08, 10.8 Hz, 1H), 5.36 (dd, J = 4.9, 
11.3 Hz, 1H), 5.45 (dd, J = 1.13, 17.3 Hz, 1H), 6.04 (dd, J = 10.8, 17.3 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ -5.0, -4.9, 18.1, 25.4, 25.8, 26.2, 31.9, 40.1, 59.7, 
61.2, 68.7, 74.7, 81.6, 115.5, 119.9, 126.0, 131.7, 134.5, 153.8; MS (ESI+) for 
C21H38O4Si [M+Na]+ calc 405.24 found 405.25. 
 
 
(Acetylmethylene)triphenylphosphorane: Prepared according to literature 
procedure52. 1H NMR (300 MHz, CDCl3) δ 2.09 (s, 3H), 3.70 (d, J = 26.7 Hz, 1H), 
7.42-7.69 (m, 15 H).  
 
 
Tricycle 42: A flask was charged with oven dried 4 Å molecular sieves (300 mg), 
N-methylmorpholine-N-oxide (870 mg, 7.43 mmol), alcohol 43 (1.20 g, 3.13 
mmol), CH2Cl2 (40 mL), and tetrapropylammonium perruthenate (55.0 mg, 0.156 
mmol). The resulting dark green solution was stirred at room temperature for 30 
minutes and then filtered through a pad of Celite. The filtrate was concentrated 
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H
H
H
H
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to give the crude aldehyde as a black oil which was used immediately in the next 
reaction. 
 A flask was charged with the crude aldehyde obtained above, PhMe (40 
mL), and (acetylmethylene)triphenylphosphorane (3.31 g, 10.3 mmol). The 
solution was heated at reflux overnight and then concentrated. Purification by 
column chromatography (7% EtOAc/Hexanes) afforded tricycle 42 (814 mg, 1.94 
mmol) as a yellow oil in 62% yield over two steps. [α]24D = +26.1 (c = 0.85, 
CHCl3); IR (film) 2928, 1711 (str), 1669, 1462, 1251, 1078 cm-1; 1H NMR (500 
MHz, C6D6, 60 oC) δ 0.024 (s, 3H), 0.042 (s, 3H), 0.92 (s, 9H), 1.59-1.66 (m, 1H), 
1.84 (s, 3H), 1.87 (s, 3H), 1.91-2.08 (m, 3H), 2.30-2.38 (m, 2H), 2.73 (m, 1H), 
2.77 (d, J = 14.0 Hz, 1H), 2.89 (m, 1H), 3.04 (d, J = 6.5 Hz, 1H), 3.17 (s, 3H), 
3.27 (m, 1H), 4.09 (dd, J = 4.0, 8.0 Hz, 1H), 4.21 (dt, J = 4.0, 4.0, 9.5 Hz, 1H), 
4.40 (m, 1H), 4.52 (m, 1H), 5.52 (m, 1H); 13C NMR (125 MHz, C6D6, 60 oC) δ -
4.9, -4.7, 18.3, 22.5, 23.3, 26.1, 26.7, 27.6, 28.1, 33.1, 38.9, 40.0, 43.8, 47.0, 
53.7, 73.3, 81.2, 91.0, 130.0, 131.5, 155.9, 207.6; MS (ESI+) for C24H40O4Si 
[M+Na]+ calc 443.2594 found 443.2621. 
 
 
Enol Ether 71:  To a suspension of Ph3PCH3Br (5.56 g, 15.5 mmol) in THF (10 
mL) was added KOtBu (1.0M in THF, 13.5 mL, 13.5 mmol). The resulting yellow 
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solution was stirred for 30 min at room temperature, and then tricycle 42 (814 
mg, 1.93 mmol) in THF (10 mL) was added dropwise. The reaction was stirred 
for 2 h, quenched with saturated NH4Cl (10 mL), and diluted with Et2O (20 mL). 
The layers were separated and the aqueous layer was further extracted with 
Et2O (2 x 20 mL). The combined organic layers were dried over Na2SO4, filtered, 
and concentrated. Purification by column chromatography (5% EtOAc/Hexanes) 
afforded enol ether 71 (795 mg, 1.90 mmol) as a light yellow oil in 98% yield. 
[α]25D = +1.76 (c = 0.6, CHCl3); IR (film) 2929, 1671, 1461, 1253, 1079 cm-1; 1H 
NMR (500 MHz, C6D6, 60 oC) δ 0.028 (s, 6H), 0.94 (s, 9H), 1.58 (m, 1H), 1.75 (s, 
3H), 1.84 (s, 3H), 1.90 (m, 1H), 2.11 (m, 1H), 2.22 (m, 2H), 2.28-2.33 (m, 1H), 
2.56 (ddd, J = 7.1, 7.1, 7.1 Hz, 1H), 2.69-2.74 (m, 1H), 2.76 (ddd, J = 7.6, 7.6, 
7.6 Hz, 1H), 2.81 (d, J = 14.2 Hz, 1H), 2.94 (t, J = 6.2, 6.2 Hz, 1H), 3.22 (s, 3H), 
4.08 (m, 1H), 4.24 (t, J= 4.3, 4.3 Hz, 1H), 4.45 (m, 1H), 4.51 (m, 1H), 4.87 (m, 
1H), 4.95 (m, 1H), 5.62 (t, J = 8.5, 8.5 Hz, 1H); 13C NMR (125 MHz, C6D6, 60 oC) 
δ -3.8, -3.7, 19.3, 21.8, 24.6, 27.1, 28.0, 28.5, 34.0, 39.6, 42.8, 43.5, 45.1, 54.6, 
74.6, 82.4, 86.1, 93.1, 112.3, 130.3, 132.9, 149.2, 156.5; MS (ESI+) for 
C25H42O3Si [M+Na]+ calc 441.2801 found 441.2797.  
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Keto-alcohol 72: To a polypropylene bottle was added enol ether 71 (702 mg, 
1.67 mmol), CH3CN (30 mL), and HF (48%, 2.87 mL). The reaction was stirred 
overnight, quenched with saturated NaHCO3 (30 mL), and diluted with EtOAc (15 
mL). The layers were separated and the aqueous layer was extracted further with 
EtOAc (2 x 30 mL). The combined organic layers were dried over Na2SO4, 
filtered, and concentrated. Purification by column chromatography (10% 
EtOAc/Hexanes → 25% EtOAc/Hexanes) afforded keto-alcohol 72 (396 mg, 1.36 
mmol) as a white solid in 81% yield. [α]23D = +40.2 (c = 1.12, CHCl3); IR (film) 
3447 (br), 2924, 1703 (str), 1644, 1454, 1081 cm-1; 1H NMR (400 MHz, CDCl3) δ 
1.70 (s, 3H), 1.79-2.00 (m, 6H), 1.88 (s, 3H), 2.34 (dt, J = 3.0, 11.5, 11.5 Hz, 1H), 
2.45 (m, 2H), 2.59 (d, J = 9.8 Hz, 1H), 2.82 (m, 1H), 2.88-2.92 (m, 2H), 2.98 (app 
dq, J = 6.0, 11.6, 11.6, 11.6 Hz, 1H), 3.62 (m, 1H), 4.11 (d, J = 3.5 Hz, 1H), 4.36 
(dt, J = 3.2, 3.2, 8.5 Hz, 1H), 4.84 (s, 1H), 4.85 (s, 1H), 5.79 (dd, J = 5.7, 11.2 Hz, 
1H); 13C NMR (100 MHz, CDCl3) δ19.4, 25.8, 28.3, 29.5, 31.6, 35.7, 38.4, 44.7, 
46.9, 53.9, 73.0, 78.8, 87.3, 112.6, 129.0, 134.9, 146.7, 210.0; MS (ESI+) for 
C18H26O3 [M+Na]+ calc 313.1780 found 313.1812. 
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Diketone 41: A flask was charged with keto-alcohol 72 (395.8 mg, 1.36 mmol), 
CH2Cl2 (12 mL), pyridine (1.5 mL, 18.6 mmol), and Dess-Martin periodinane 
(1.22 g, 2.88 mmol). The reaction was stirred at room temperature for 30 min and 
then quenched with a saturated solution of 5:1 Na2S2O3:NaHCO3 (10 mL). The 
layers were separated, and the aqueous layer was extracted further with CH2Cl2 
(2 x 15 mL). The combined organic extracts were dried over Na2SO4, filtered, and 
concentrated. Purification by column chromatography (10% EtOAc/Hexanes) 
afforded diketone 41 (385 mg, 1.34 mmol) as a white crystalline solid in 99% 
yield. [α]24D = -58.5 (c = 0.33, CH2Cl2); IR (film) 2928, 1698 (str), 1437, 1228, 
1077 cm-1; 1H NMR (400 MHz, CDCl3) δ 1.71 (s, 3H), 1.77-1.88 (m, 1H), 1.83 (s, 
3H), 1.87 (d, J = 5.2 Hz, 1H), 1.97-2.01 (m, 1H), 2.06-2.14 (m, 1H), 2.30 (dt, J = 
3.2, 12.4, 12.4 Hz, 1H), 2.40 (dt, J = 6.4, 12.4, 12.4 Hz, 1H), 2.45-2.49 (m, 2H), 
2.64 (t, J = 8.0, 8.0 Hz, 1H), 2.81 (ddd, J = 3.2, 5.6, 12.4 Hz, 2H), 3.18 (dd, J = 
7.2, 12.0 Hz, 2H), 4.17 (s, 1H), 4.51 (m, 1H), 4.85 (s, 2H), 5.53 (dd, J = 5.6, 11.2 
Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 18.9, 26.2, 27.0, 29.4, 35.3, 38.5, 42.2, 
44.3, 45.6, 52.3, 82.2, 89.0, 113.3, 127.2, 133.9, 146.0, 209.5, 213.1; MS (ESI+) 
for C18H24O3 [M+Na]+ calc 311.1 found 311.1. 
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Diol 40: A flask was charged with methyllithium (1.6 M in Et2O, 24 mL, 38.4 
mmol) and THF (12 mL) and cooled to 0 oC. Diketone 41 (333 mg, 1.094 mmol) 
in THF (24 mL) was added dropwise via syringe. After the addition the reaction 
was stirred for 1 h at 0 oC and then 1 h at room temperature. The reaction was 
quenched with saturated NH4Cl (20 mL), and the layers were separated. The 
aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic 
layers were dried over Na2SO4, filtered, and concentrated. Purification by column 
chromatography (10% EtOAc/Hexanes → 25% EtOAc/Hexanes) afforded diol 40 
(350 mg, 1.093 mmol) as a white solid in 99% yield. [α]24D = +73.3 (c = 0.3, 
CH2Cl2); IR (film) 3446 (br), 2931, 1644, 1455, 1264 cm-1; 1H NMR (500 MHz, 
C6D6, 90 oC) δ 0.69 (s, 1H), 1.01 (s, 3H), 1.17 (s, 3H), 1.27 (m, 1H), 1.35 (dt, J = 
2.5, 12.5, 12.5 Hz, 1H), 1.52-1.59 (m, 2H), 1.60 (s, 3H), 1.72 (m, 1H), 1.83 (s, 
3H), 1.84 (m, 1H), 1.94 (br s, 1H), 2.12 (dt, J = 4.0, 11.5, 11.5 Hz, 1H), 2.21 (dd, 
J = 3.0, 14.0 Hz, 1H), 2.40 (m, 2H), 2.65 (s, 1H), 2.98 (d, J = 14.0 Hz, 1H), 3.38 
(app dq, J = 6.0, 11.5, 11.5, 11.5 Hz, 1H), 3.85 (s, 1H), 4.31 (dt, J = 3.0, 3.0, 8.5 
Hz, 1H), 4.80 (s, 2H), 5.72 (dd, J = 5.5, 11.0 Hz, 1H); 13C NMR (125 MHz, C6D6, 
90 oC) δ 19.3, 27.4, 28.1, 28.8, 29.5, 30.7, 36.7, 37.9, 39.5, 45.1, 46.5, 50.1, 
70.8, 75.1, 79.2, 90.8, 112.2, 128.6, 136.6, 148.3; MS (ESI+) for C20H32O3 
[M+Na]+ calc 343.22 found 343.23.  
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Lactone 74: A flask was charged with diol 40 (121 mg, .377 mmol) and THF (14 
mL). 9-BBN (0.5 M solution in THF) was titrated in via syringe at half hour 
intervals until TLC analysis showed complete consumption of starting diol 40 (1.1 
mL, then 1.0 mL, then 2.0 mL, 2.05 mmol total). The reaction was quenched by 
the addition of H2O (7 mL) and NaBO3•4H2O (1.0 g, 6.49 mmol) and stirred 
vigorously for 2 hrs. The layers were separated, and the aqueous layer was 
extracted with EtOAc (2 x 10 mL). The combined organic layers were dried over 
Na2SO4, filtered, and concentrated. The residue was passed through a short 
silica plug eluting with 50% EtOAc/Hexanes → 100% EtOAc to afford 346 mg of 
triol 73 and cyclooctadiol as an inseparable mixture.  
The triol 73 and cyclooctadiol mixture was added to a flask along with 
CH2Cl2 (7 mL), NaHCO3 (3.0 g, 35 mmol), and Dess-Martin reagent (3.0 g, 7.0 
mmol). The reaction was stirred overnight and then quenched by the addition of 
aqueous 5:1 Na2S2O3:NaHCO3 (7 mL). The mixture was stirred for 1 hr until it 
became biphasic. The layers were separated, and the aqueous layer was 
extracted with CH2Cl2 (2 x 7 mL). The combined organic layers were dried over 
Na2SO4, filtered, and concentrated. Purification via flash column chromatography 
(10% EtOAc/Hexanes → 25% EtOAc/Hexanes) afforded lactone 74 (90 mg, .269 
mmol) as a white crystalline solid in 71% yield. [α]24D = -19.6 (c = 0.1, CH2Cl2); IR 
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(film) 3436 (br), 2359, 1651 (str), 1357, 525 cm-1; 1H NMR (500 MHz, CDCl3) δ 
1.19 (d, J = 7.5 Hz, 3H), 1.257 (s, 3H), 1.26-1.45 (m, 3H), 1.60 (s, 3H), 1.74-1.84 
(m, 5H), 1.81 (s, 3H), 1.94-2.00 (m, 1H), 2.07 (m, 1H), 2.19-2.26 (m, 1H), 2.51 
(ddd, J = 10.0, 10.0, 10.0 Hz, 1H), 2.65 (m, 1H), 2.82 (d, J = 14.5 Hz, 1H), 2.96 
(dq, J = 4.0, 7.0, 7.0, 7.0 Hz, 1H), 3.84 (d, J = 9.5 Hz, 1H), 4.53 (s, 1H), 5.52 (dd, 
J = 6.0, 10.0 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 11.8, 23.1, 23.4, 27.9, 29.8, 
30.2, 34.3, 37.2, 37.3, 38.6, 41.0, 46.2, 49.4, 71.3, 79.6, 86.7, 91.1, 129.8, 131.1, 
178.1; MS (ESI+) for C20H30O4 [M+Na]+ calc 357.2 found 357.2. X-ray quality 
crystals were obtained via slow evaporation over 4 days of a solution of lactone 
74 (16.5 mg) in CH2Cl2 (1.0 mL).  
 
 
 
Acetate 39: A flask was charged with lactone 74 (2.9 mg, .0086 mmol), 
isopropenyl acetate (1 mL), and p-toluenesulfonic acid monohydrate (6.0 mg, 
.032 mmol), and stirred at room temperature for 8 hrs. The reaction was 
quenched with saturated aqueous NaHCO3 (1 mL) and diluted with EtOAc (2 
mL). The layers were separated, and the aqueous layer was extracted with 
EtOAc (2 x 2 mL). The combined organic layers were dried over Na2SO4, filtered, 
and concentrated. Purification via flash column chromatography (10% 
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EtOAc/Hexanes → 25% EtOAc/Hexanes) afforded acetate 39 (2.1 mg, 
.0056mmol) as a clear colorless oil in 64% yield. [α]23D = -43.3 (c = .20, CHCl3); 
IR (film) 2932, 1732, 1702, 1375, 1242 cm-1; 1H NMR (500 MHz, CDCl3) δ 1.19 
(d, J = 7.5 Hz, 3H), 1.27-1.43 (m, 4H), 1.57 (s, 3H), 1.62 (s, 3H), 1.66-1.84 (m, 
5H), 1.99 (s, 3H), 2.09 (m, 1H), 2.41 (m, 1H), 2.54 (ddd, J = 10.0, 10.0, 10.0 Hz, 
1H), 2.66 (m, 1H), 2.70 (s, 1H), 2.75 (m, 1H), 2.81 (d, J = 14.5 Hz, 1H), 2.95 (dq, 
J = 4.5, 7.5, 7.5, 7.5 Hz, 1H), 3.77 (d, J = 10.0 Hz, 1H), 4.56 (m, 1H), 5.54 (dd, J 
= 6.0, 10.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 12.0, 23.3, 24.8, 25.9, 28.2, 
30.1, 31.3, 35.1, 37.4, 38.6, 41.1, 41.3, 46.4, 51.3, 80.1, 82.3, 86.9, 91.5, 130.1, 
131.3, 170.3, 178.1; HRMS (ESI+) for C22H32O5 [M+Na]+ calc 399.2147 found 
399.2117. 
 
 
Degradation Study:  A flask was charged with acetate 39 (6.5 mg, .0173 mmol) 
and CH2Cl2 (3 mL), and cooled to -78 oC. Diisobutylaluminum hydride (1M in 
hexanes, 0.2 mL, 0.2 mmol) was added dropwise via syringe. The reaction was 
quenched after 30 min by the addition of saturated aqueous sodium potassium 
tartrate (3 mL), diluted with Et2O (3 mL), and stirred vigorously till biphasic. The 
layers were separated, and the aqueous layer was extracted with EtOAc (2 x 4 
mL). The combined organic extracts were dried over Na2SO4, filtered, and 
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concentrated to afford of the crude triol, which was used immediately in the next 
reaction.  
 A flask was charged with the crude triol obtained above, NaHCO3 (24 mg, 
.286 mmol), CH2Cl2 (2 mL), and Dess-Martin periodinane (9.5 mg, .022 mmol). 
The reaction was stirred overnight and quenched with aqueous 5:1 
Na2S2O3:NaHCO3 (2 mL). The layers were separated, and the aqueous layer 
was extracted with CH2Cl2 (2 x 3 mL). The combined organic layers were dried 
over Na2SO4, filtered, and concentrated. Purification via flash column 
chromatography (25% EtOAc/Hexanes) afforded lactone 74 (2.5 mg, .0075 
mmol) as a thin white film in 43% yield over two steps. All physical data were in 
agreement with the previously prepared lactone 74. 
 
C. Selected Spectra and Crystallographic Data 
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